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Foreword

Acoustic signals in the ocean interact with the water/sediment boundary
and travel along subbottom paths. Navy scientists have always been concerned

-.M .'A about the effect of the geologic environment on the acoustic signals. For
programs that study bottom interaction of very-low-frequency acoustic signals

-- -to be effective, a complete and accurate picture of the geology along the travel
-_path is required... -_

- In this report the geology of five areas of the western North Atlantic Ocean

is described. The similarities and differences among the sites are noted. Two
-~~esites are examined in detail. Geoacoustic models, which take into account the .-

, geologic conditions peculiar to these sites, are presented.

-W " W. B. Moseley A. C. Esau, Captain, USN
- Technical Director Commanding Officer



Executive Summary

For an accurate geoacoustic model to be constructed, tht geology of the area
must be well understood. In some areas modeling may not be successful because
small-scale lithologic and topographic changes are not recognized from the
available data. Currently, wedo not have the ability to 'obtain complete
measurements of such sediment properties as velocity and density from a
drill hole. Laboratory and in situ measurements do not agree, and attempts
to reconcile the two have not been completely effective. In constructing our
geoacoustic models we have tried to build on the work of others. In our models,
we have-added high-velocity stringers which are almost always present in nature;,
for example, worldwide occurrences of chert have been documented by'
Deep-Sea Drilling Project (f)SDP) cores. v'

We chose five areas of the western North Atlantic Ocean and constructed
geoacoustic models for..ach area: For two/areas we used the4aboratory and
seismic data collected during DSDP studies, as well as published reports, to
construct detailed models. For the remaining'three areas we have tabuiated
generalized sediment velocity and lithology information from published reports.

In working on data from these five sites i t became apparent to us that some
areas (for example, the Bahama Banks) have such rugged topography and
such variable lithology that traditional modeling -ttempts*probably will be
unsuccessful unless the geology is known in great detail. Some continental
margin shallow-water sites and some deep ocean sites, such as DSDP site
417/418, are much more predictable and should be easier to model; however,
even site 417/418 has unique geologic factors that will cause actual seismic
propagation to differ from our model predictions. However, devjations from
predicted values should be reasonably small at low (3-50 Hz) frequencies.
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Geologic Study of Five Sites in the
Western North Atlantic Ocean

I. Introduction and Ludwig et al. (1970), were used where the velocity-
Simple, layered models are rarely adequate descrip- density-depth information from the site did not fit Lhe

tions of the earth's structure, particularly over large Hamilton curves.
distances. We must be cognizant of geologic features In the following sections, we describe the geologic
that might substantially alter acoustic wave propaga- setting for five sites, the seismic (geoacoustic) infor-
tion. In this report, geologic descriptions and a mation available about the sediments and upper
summary of pertinent information from Deep Sea oceanic crust, and the geoacoustic implications that
Drilling Project (DSDP) site reports are presented with can be drawn from this information. Because deep
geoacoustic models so that the impact of this infor- ocean currents can affect the methods used to emplace
mation can be considered when building models to bottom sensors and the ambient noise level, bottom
predict acoustic wave propagation. currents are discussed.

Geoacoustic model parameters for five sites in the
Northwest Atlantic were derived from DSDP and other II. Area I: Blake-Bahama Basin
published studies. The measurements of physical prop-
erties made on samples from drill holes provide both (DSDP Hole 534)
qualitative and quantitative information; several A. Geologic Setting
factors degrade the latter. For geoacoustic purposes, The Blake-Bahama Basin lies off the southeastern
the most important factors are (1) the percentage of coast of the United States in 4800 to 5000 m of water.
cored section recovered for the uppermost sediments It is surrounded by the Blake Escarpment to the west,
is usually less than 507o; (2) the laboratory measure- the Bahama Escarpment to the south, and the Blake-
ments do not duplicate the pressure and temperature Bahama Outer Ridge to the east and north (Fig. 1).
environment from which the sediments came; and The central part of the basin has been extensively
(3) the samples are smaller than many features (e.g., surveyed using single and multichannel seismic reflec-
cracks and fissures) that affect seismic properties. tion methods (Fig. 2). Prior to 1975 most of the data
Nonetheless, the data from the drill holes provide the from this area were collected by the Lamont-Doherty
only definite identification of the sediments and their Geological Observatory. More recently, multichannel
geoacoustic properties. Jn constructing the geoacoustic data were collected by other academic institutions and
models, attempts were made to adjust the laboratory the U.S. Geological Survey. Table 1 lists the names
measurements to in situ values and to correct or and dates of cruises on which multichannel data were
eliminate obviously erroneous data. collected in the immediate vicinity of DSDP site 534.

Hamilton's modeling work (1980) provides most of Site 534 is located in the Blake-Bahama Basin about
the empirically derived relationships used in preparing 100 km east of the base of the Blake Escarpment and
these geoacoustic models. A study made near DSDP approximately the same distance west of the Blake-
site 417 by Tucholke and Shirley (1979) provides insight Bahama Outer Ridge. The site is approximately 22 km
into the differences between laboratory and in situ northeast of DSDP site 391. Detailed bathymetry of
velocity measurements in the uppermost few meters
of sediment. Milholland et al. (1980) studied the rela- Table 1. Information on multichannel tracklines in Blake-
tionship between physical and acoustic properties of Bahama Basin.

deep-sea carbonate sediments in the southwestern AGENCY DATE CRUISE LINE NUMBERS
Pacific. They examined variations in density, velocity,
and anisotropy as functions of depth, diagenetic stage, MC88, MC96

and clay enrichment. Christensen and Salisbury (1975) LOGO 1975 RC-1903 MCI
studied the differences between in situ and laboratory- USGS 1978 TD TD2, TD3, TD-4

measured velocities for basalts. The work of these USGS 1975 FC FC.1, FC-2, FC-3
investigators, as well as that of Nafe and Drake (1963)
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Figure 1. Location map for the areas discussed in the Figure 3. Detailed bathymetry of the Blake-Bahama
report. Dots indicate the locations of DSDP drill sites. Basin (adapted from the Initial Reports of the DSDP,
Physiographic provinces are labeled. The location of v. 44, 1978). Depths are in fathoms. Locations of sites
a cross section (Fig. 6) through the Blake Plateau and 534 and 391 are indicated.
the Blake Outer Ridge is indicated by the line that
crosses these features.
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Figure 2. Track lines of single-channel (thin lines) and Figure 4. Contour map of the basement in the vicinity
multichannel (thick lines) seismic reflection surveys in of DSDP sites 391 and 534. Contours (modified from
the Blake-Bahama Basin and Blake Outer Ridge area. Bryan et al., 1980) are in seconds of two-way travel
Dotted lines are bathymetric contours in seconds (two- time. Dotted lines show bathymetry trackline locations
way travel time). After Markl and Bryan, 1983. used in making the contour map.

the basin and locations of sites 534 and 391 are shown Hole 534 was drilled at a basement high because the
in Figure 3. primary objective of the survey was to reach basement

The basement, composed of oceanic basalts, is and obtain samples of the oldest Atlantic Ocean
buried beneath 1600 to 2000 m of sediment. Basement sediments. In hole 534A basement was reached at
relief in the vicinity of the drill site is about 400 m (0.2 1635 m below the sea floor. The shipboard party
to 0.04 sec two-way travel time) as shown in Figure 4. decided that the upper sedimentary column was similar
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enough to that of hole 391 that coring and logging were Oceanic crust associated with anomaly M-28 was
not begun until the hole had been drilled to a depth sampled at DSDP drill site 534. The penecontem-
of 545 m. poraneous sediments lying above the basalts were iden-

Various seismic reflectors observed on the reflection tified as Callu :an (mid-Jurassic) in age, which is
data have been identified and correlated with reflectors equivalent to approximately 165 million years (Childs,
recognized throughout the western North American 1985).
Basin. From uppermost to lowest in the sediment Oceanic crust between the BSMA and the east coast
column, the reflectors have been labeled M, X series, Magnetic Anomaly (ocated along the continental
A series, b', b, C', C ,D', D, and basement (Table margin at the continental-oceanic crust boundary) is
2). By tracing these reflectors to outcrops and DSDP thought to be a remnant of the initial opening phase
drill holes and by incorporating information from of the Mesozoic Atlantic (Vogt, 1973; Sheridan, 1978;
many geophysical and geological studies, researchers Klitgord and Behrendt, 1979). These authors suggest
have deduced the following geologic history of the that this crust was formed at an extinct spreading center,
area. which later shifted to location at the BSMA. As a result,

The Blake-Bahama Basin contains some of the oldest the crust was isolated and became a part of the North
basement rock in the North Atlantic Ocean. The Blake American margin.
Spur Magnetic Anomaly (BSMA) crosses the basin In addition to the change in magnetic signature
from northeast to southwest (Fig. 5). Seaward of the observed across the BSMA, there is also a structural
BSMA are the low-amplitude anomalies of the Jurassic change in the basement. Shoreward of the BSMA the
Magnetic Quiet Zone. Anomaly M-28, proposed by basement is deeper and rougher than it is on the
Bryan et al. (1980) on the basis of scant data, would seaward side (Grow and Markl, 1977; Shipley et al.,
be the oldest in this group. 1978). At the approximate location of the BSMA,

Table 2. Geologic formations of the Blake-Bahama Basin.

FORMATION AGE LITHOLOGY SEISMIC EVENTS

M
Blake Ridge Present to mid-Eocene ooze, silt, silty clay, chalk,

mudstone, turbidites

X

Bermuda Rise mid-Eocene to Late ooze, clay chert
Paleocene Au, Ac

Plantagenet Late Paleocene to silt, clay,
CenomanianrTuronian some volcanics A'

Hatteras Cenomanian (mid-Creta- limestone, claystone
ceous to Barremian 1

Barremian

(Early Cretaceous) white-gray C1

Blake-Bahama to Tithonian laminated chalk, blo-
turbated chalk and lime-
stone, calcareous silt-
stone, claystone

C
grayish-red calcareous

Tithonian (Late claystone
Cat Gap Jurassic) to D'

Oxfordian limestone, turbidites and
greenish claystone

Oxfordian variegated reddish to
greenish claystone,

(Late Jurassic) to limestone turbidites,
unnamed Callovian dark claystone, greenish D

(mid-Jurassic) red claystone, blackish
claystone, reddish
claystone

BASEMENT BASALT BASEMENT
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seismic reflection records reveal a steplike escarpment and at least one smaller zone cross the Blake-Bahama
(Klitgord and Grow, 1980) north of the Blake Outer Basin from northwest to southeast (Perry et al., 1981;
Ridge, and a broad hump south of it (Marki and Bryan, Klitgord et al., 1984) (Fig. 5). Some degree of basement
1983). A schematic representation of this basement relief can be expected in the vicinity of these fracture
change is shown in Figure 6. zones.

Basement relief (valleys and ridges) also is associated Major reflectors above basement have been recog- S
with fracture zones, even in cases where little or no off- nized throughout the western North American Basin.
set has occurred (Detrick and Purdy, 1980). Three major Jansa et al. (1979) synthesized data from DSDP drill
fracture zones (Blake Spur, Jacksonville, and Bahamas) holes in the area and established a system of identifica-

tion for the geologic formations. Table 2 shows the
3formation names, ages, and lithologies. Also shown

'0 are the approximate locations within the stratigraphic
4 column of the reflectors that produce seismic horizons

M through basement. The geologic explanations, or
32, / . causes, for some of these reflectors have not definitely

ANMIL been established. Also, depending on the geographic
location, different explanations may be linked with the
same reflector. Thus, the associations between reflectors
and formations shown in Table 2 should be considered

30 BE tentative.
The mid-Jurassic deposits in the incipient Atlantic

P-ACE-4U Ocean are terrigenous sediments and reworked
calcareous debris, the latter probably derived from coral

bi reefs. These deposits were first recovered at site 534 and
280 " have not been assigned a formation name. By late

Jurassic time, about 150 million years ago, the
sediments were mainly pelagic. The Cat Gap formation,
for example, contains argillaceous limestones and

74 claystones.260 780 V 740 Similarly, the Blake-Bahama formation is composed
Figure 5. Locations of magnetic anomalies and fracture of limestones, chalks, claystones, and some chert beds.
zones (Klitgord et al., 1984; Bryan et al., 1980; and These sediments were deposited near the end of the
Shouten and Klitgord, 1977) near site 534. Contours Jurassic and beginning of the Cretaceous, or about 145
are in meters. to 120 million years ago.

8M 790 780 770 760 750 740 730W
CONT 1OENA 

ME 
I I I I

CO ENV BLAKE PLATEAU BLAKE OUTER RIDGE CONTINENTAL RISE

5-

k- M04 o Beftre Plesem'

ED Upper Jurassic to MidCretaceous k Paleogene to
MidCretaceous through Upper Recent (65 to 0 Ma)
(160 to 115 Ma) Cretaceous

(115 to 65 Ma)

Figure 6. Change in basement structure at location of Blake Spur Magnetic A nomaly and sedimentation patterns
across the Blake Plateau and the Blake Outer Ridge (modjfted from Shipley et al., 1978). Location of cross section
is shown in Figure L
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The mid-Cretaceous Hatteras formation records an of Sheridan et al. (1983a) and of Shipley (1983). It must
anerobic environment during which there was be kept in mind that no unique identification of deep
widespread deposition of black clay. The clay is overlain reflecting horizons is yet possible. The seismic strati-
by late Cretaceous to late Paleocene multicolored graphic correlations made at site 534 are shown in
pelagic clays of the Plantagenet formation. Within the Table 3 and in Figure 7. The association between the
formation a lithologic change occurs at about geology and identified seismic horizons follows:
Maestrichtian time. On seismic reflection records, this e Horizon D: Oxfordian (Jurassic) age, underlying
change is correlated with the lowest subdivision of sediments are limestone interbedded with claystone;
horizon A (Ewing and Ewing, 1962; Ewing and Ewing, these basement-leveling sediments were ponded by the
1963) or horizon A* (Tucholke and Mountain, 1979). BSMA Ridge, but extend beyond the ridge as streamers

Above Plantagenet is the Bermuda Rise formation, in the fracture zone valleys.
which is also characterized by turbidites, clays, oozes, e Horizon D': represents a change from turbidite
and chert beds. The cherts were identified as horizon
A reflectors (Ewing et al., 1970), and are now classified (Jurassic) age sediments of the Cat Gap formation.
as horizon A subdivision Ac by Tucholke and Horizon C: marks the top of a calcareous claystone
Mountain (1979). This formation is early mid-Eocene of Tithonian (Jurassic) age.
in age, or about 52 to 45 Ma0 * Horizon C': caused by an abrupt boundary bet-

The uppermost formation, the Blake Ridge, consists
ween limestones and claystones within the Berriabian

of mixed terrigenous and biogenic (pelagic) sedimnt, (lower Cretaceous); the break might be indicative of
much of it deposited by turbidity currents emanz.ting a nondepositional hiatus.
from the continental margin. Away from the margin * Horizon b: at site 534 it represents the top of an

the Blake Ridge Formation overlies the Bermuda Rise early Cretaceous, white turbiditic limestone.
Formation and therefore is mid-Eocene to Recent inbetweenFation N a theefornet midoeer to e Re ent i the Aptian-Albian (mid-Cretaceous) multicolored clay-
age. Near the continental margin, however, the Blake soe n h vryn lc n re lytns

Ridge is Miocene to Recent in age because late Eocene wi resnt aetie ofastan rn lan

and Oligocene sediments have been eroded. In this time

region, then, the Blake Ridge Formation unconform- t Horizon Ac: caused by a thin layer of Eocene

ably overlies the Bermuda Rise Formation and chert; in the vicinity of hole 534 the reflector merges

sometimes older strata (i.e., Plantagenet, Hatteras). The with the Au reflector.

unconformity is observed on seismic reflection records w h Au reret s os
as Hrizn Au fathe seaardthebaseof he Horizon Al,: represents an unconformity; erosion

Bak HRizoneAF;rathencreaardwth bazof te by bottom currents some time during late Eocene to
Blake Ridge Formation correlates with Horizon AC, al icn. rnae eiet onit hearly Miocene truncated sediments down into the

B. Seismic Stratigraphy Plantagenet formation.
* Horizon X: was first identified from profiles on

DSDP holes and thousands of kilometers of seismic the Outer Ridge (Mark] et a]., 1970); represents the
reflection coverage have provided data for generalized boundary between interbedded chalks and mudstones
seismic stratigraphic correlations in the western and interbedded turbidites and claystones of lower-
Atlantic. The seismic stratigraphy described here is Miocene age. Within horizon X, Markl and Bryan
taken from Tucholke and Mountain (1979) and (1983) recently identified subhorizons Xa through Xe.
Sheridan et al. (1983). * Horizon M: represents upper Miocene debris flows

Members of the shipboard party on DSDP leg 76 and chalk turbidites.
disagree about the stratigraphic correlations for four Although there are some notable exceptions, the
of the reflectors observed at site 534. Slightly different sediments recovered at sites 391 and 534 are generally
assumptions about velocities and the location of the similar. One major difference is the absence of the
hole relative to seismic profiles account for the dif- Eocene siliceous claystone and chert in hole 391, while
ferences. We chose the correlations of Sheridan et al. they constitute a 27-m-thick layer in hole 534. This
(1983) because they are representative of the correla- difference indicates how much lithologies can vary
tions generally accepted by scientists working in the laterally over a short distance (22 km in this case). Most
area; however, Table 3 presents both the correlations of-the correlation problems between the two sites,

however, are the result of partial core recovery, not

"The abbreviation Ma (megannum) refers Ic units of yr x 106  geologic complications. Figure 8, taken from Sheridan
measured from the present (A D 1950 by international agree- et al. (1983b) correlates reflecting horizons in site 534
ment) pastward. It means the same as the cumbersome milions with those of site 391. The reflectors are continuous
of years before present and is a fxed chronology analogous to the between the two sites, but in some places their character
calendars tied to historical events. The abbreviation my. (million
years) is used to express simple duration in units of yr x 106 is different and the depth to some reflectors changed
in any given past interval, by more than 100 m over the 22 km between the sites.
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C Geologic Factors Impacting a small fracture zone. As noted, studies of fracture
Seismic Propagation zones indicate greater relief in the basement adjacent

Some environmental features of the study area can to a fracture zone. Furthermore, recent findings
be expected to complicate seismic propagation predic- indicate that the thickness of the crust may not
tions. Among the most obvious are the following: necessarily be the same at fracture zones as it is in the

1. Basement Relief and Crustal Structure: The site regions between them. North Atlantic seismic data sug-
is located on an east/west-trending rise (Fig. 3). To gest differences in crustal thicknesses and velocities in
the south is a depression believed to be produced by the regions of fracture zones (Mutter and Detrick,
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Figure 7. Correlation of seismic reflectors with geologic units at site 534. Reflecting horizons M, X, A,- Pl', P,.
C ', C, D ', A, and basement are shown. Correlations and velocity profile are from Sheridan et al. (1983a). Velocities
used for the profile are laboratory measurements on cores from hole 534A. Figure adapted from Sheridan
et al. (1983a).
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1984; Detrick and Purdy, 1980). Reflections from what they differ in size the two might not be comparable;
Mutter and Detrick (1984) determine to be Moho (the nevertheless, the crust near site 534 could be
crust-mantle transition depth) indicate that the oceanic anomalously thin.
crust at the Blake Spur Fracture Zone, about 500 km 2. Lateral Variability: Deposition and erosion pat-
to the east of site 534, may only be about 2 to 2.4 km terns mainly control the physical character of lithologic
thick. units. Although a unit may be acoustically traceable

The Blake Spur Fracture Zone is wider and more (i.e., a reflector) over a long distance, the geologic con-
distinct on bathymetric charts than the fracture zone ditions that produced the unit may have changed
near site 534 but both exhibit very little offset. Because substantially over the same distance. The change(s) can

Table 3. Correlations of seismic reflectors with geologic boundaries from DSDP holes 391 and 534.
DEPTH BELOW

REFLECTOR SEA FLOOR (kin) LITHOLOGIC DESCRIPTION FORMATION AGE

1 1 1 2 1 1 2 1 2
M (site 391) .2 Intraclastic chalk Blake Ridge mid-Miocene
X (site 391) .5 mudstone/chalk Blake Ridge Early Miocene
Au .7 unconformity Late Eocene-Early Miocene
Ac .7 chert/siliceous claystone Bermuda Rise Late Eocene

.9 unconformity/claystones Hatteras Aptian/Albian
.98 .95 turbidite Is. chalk Blake-Bahama Hauterivian Barremian

c' 1.25 1.2 Is-claystone chalk Blake-Bahama Berriasian Valanginian
boundary

c 1.34 1.27 calcareous chalk-Is Cat Blake- Tithonian Berriasian
claystone boundary Gap Bahama

D' 1.43 1.34 turbidite Is/ calcareous Cat Cat Kimmeridgian Berriasian
I claystone claystone Gap Gap I

D 1.55 increased Is content unnamed Oxfordian

Site 534 Sub-bottom Site 391valocity depth
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result in lateral fluctuations in the physical properties oceanic crust. Previous sampling had been done closer
of the unit or even its absence at some places. to the mid-Atlantic Ridge; the samples from sites 417
Although, as noted, the sedimentary columns at sites and 418 would be used to define changes in properties
391 and 534 are similar, the significant absence of chert of the oceanic crust with age. The holes were drilled
at site 391 illustrates that even prominent lithologic
units may be horizontally discontinuous. In the Blake- VEOCTY (kM/S) WE 34 DENSITY (glcm)

Bahama Basin, deposition and erosion were strongly 0 1 2 3 4 5 6 10 18 26 34

influenced by the location of the Gulf Stream and other 0 ......

early Atlantic circulation patterns. 600- WO-
3. Small-scale Sea Floor Relief: The presence of I ._

small-scale topography at the site is indicated by hyper- 700- . 70-

bolic echoes on the bathymetry records. As will be 800- Mo.
discussed, small-scale relief may complicate the

WO0 900-
acoustics in an area.

4. Ocean Currents: As discussed in section VII of 10-, 10D 0-

this report, eddy currents with orbital speeds of about E
40 cm/sec have been observed in the Blake-Bahama 4 100-

Basin. One comment from the DSDP site 534 report 120- 1oo-

(Sheridan et al., 1983b) is particularly significant in
this case. "The end of the drill string with approxi- 13M 1

mately 40 tons of casing attached was very sluggish 1400- 14-

in its movements toward the reentry cone. Movement 1

was resisted until the Glomar Challenger was offset 1500

over 30 m. Even with these offsets, the pipe swung very 1 1600-

slowly and was apparently out of phase with ship move-
ments. It was thought the inertia of the extra casing

weight was acting as an anchor. Now bottom currents VTW 391 DTY (glcm')

at site 534 are postulated to explain the pipe drag." 0 1 2 3 4 5 6 10 18 26 34
0j 4 i 0- 1a

D. Velocity and Density Profiles 100 ,00
Physical properties measurements were not made on 2M.

the upper 545 m of sediment from hole 534A because W

the sediments were considered very similar to those at
site 391 (Sheridan et al., 1983b). Plots of compressional ,0- 4

wave velocity and density as a function of depth for
the sediments from both sites are presented in Figure 9. 100-

Listings of the data used to generate the plots are X 601)-
included in Appendix A-1. The sources of these data e -

are the DSDP reports for site 534 (Sheridan et al., -
1983b) and site 391 (Benson et al., 1978). 00o-

III. Area II: Nares Abyssal Plain ,00: 1000'

(DSDP Holes 417/418) 11001

A. Geologic Setting 120--
DSDP sites 417 and 418 are located just south of

the Bermuda Rise, between the Nares and Hatteras Figure 9. Velocity and density as functions of depth
Abyssal Plains (Fig. 1). Water depth (Fig. 10) is gener- for DSDP sites 534 and 391. The data used to make
ally between 5400 and 5700 m, with a few localized these plots (Appendix A-]) are shipboard laboratory
prominences rising to as shallow as 4900 m depth. measurements of velocities and densities for samples
Oceanic basement is found about 200 to 400 m beneath at the given depths in the cores. No correction has been
the sea floor. Basement relief in the area is 200 to made for sediment rebound and no consideration has
500 m. been given to sediment not recovered in the cores. The

The primary purpose of drilling at sites 417 and 418 recovery rate for hole 534 was 56% and for hole 391
was to study older (i.e., greater than 100 million years) was 50. 1 %.
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into oceanic crust geographically located at the source sediments have an average velocity of 1.76 km/sec.
of the M-0 magnetic lineation. The age of the crust However, measured velocities range from 1.50 to 1.65
and the oldest sediment at this site are about 108 to 109 km/sec. Reflector 1, the first observed below the sea
million years (mid-Cretaceous, Aptian/Albian) (Childs, floor, is correlated with a change in induration at 80 m
1985). in a pelagic clay. Reflector 2 at the site is masked by

At site 417 (Fig. 10) four holes, 417, 417A, 417B, a strong bubble pulse. Reflector 3, at 0.175 sec
and 417D were drilled. Holes 417 and 417B were pilot below the sea floor, is correlated with the top of a
holes. 417A was drilled into a basement high to a depth
of 417 m below the sea floor - 209 m were in basalt, z*o--
208 m in sediment. Hole 417D was a multiple reentry -n-w
hole that penetrated 533 m; 343 m of sediment and F I

190 m of basalt were drilled. The hole was reentered"--7 // 417

during leg 52 and an additional 175.5 m of basalt were 2P

drilled. The sediments at site 417 are typical of those / ,,-
found in the western Atlantic Ocean. The sedimentary 0 ,
history of the region is presented in section I of this
report. At site 417A about 200 m of sediment (clay ° '. K,
and ooze) were drilled before basement was reached; 2,W. ,
this sedimentary section is incomplete. In hole 417D,
located about 600 feet west of 417A and off the base- IF

ment hill on which 417A was located, an additional
100 m (approximately) of sediments underlie those 2_ _ _ __"__ _ _

drilled in hole 417A. These sediments are a ow or
multicolored clay, a black and green organic claystone Figure 10. Bathymetry (contoured in meters) in the area
with an interbedded sandstone/claystone turbidite surrounding DSDP sites 417 and 418. Dashed lines
sequence, and a thin chalk unit. The crustal basalt indicate locations of fracture zones. Locations of
recovered from 417A was highly altered by exposure Mesozoic magnetic lineations, M-O, M-2, and M-4 are
to seawate for as long as 30 million years before being shown. Thick lines are the locations of the Oblique
buried by the overlying impermeable clay. Seismic Experiment track lines (adapted from Stephen

The objective of drilling at site 418 (about 6 km south et al., 1980).
of site 417) was to penetrate the basement deeper than
it had been at site 417. The site is close to the eastern
edge of the M-0 anomaly; is downslope from site 417; SITE 417 QUATERNARY CLAY/OOZE SITE 418

and is in an area of relatively flat, highly reflective base- 0 0

ment with no prominent hills.
At site 418, 324 m of sediment and 246.5 m of basalt

were drilled. The hole was reentered on leg 53 and an MIOCENE/OLIGOCENE
additional 297.5 m of basalt were drilled. The basalts PELAGIC CLAY

are mostly fresh. Some pillow basalts contain lithified .100- -100-

sediments that were apparently present on the sea floor E

at the time of eruption. o
Hole 418B was drilled 130 m north of hole 418A in 9 MID-EOCENE OOZE/CLAY

an attempt to recover more sediment than was -,
recovered at hole 418A. The sediment section is similar C -200- -200-
to that at site 417. Figure II shows the sedimentary ZEOLITIC CLAY
sections at sites 417 and 418. M

E ..... TE CRETACEOUS

B. Seismic Stratigraphy .30 LATNC
Four strong reflecting horizons appear in the reflec- .MID-CRETACEOUS CHALK/MARL/

tion records collected near sites 417 and 418 (Fig. 12). CLAYST0NE/CHERT-

Their correlation with lithologic boundaries, suggested BASALT
in the reports from DSDP sites 417 and 418, is
unsatisfactory. Near hole 417A the fourth, or deepest .400. .400-
reflector, is 0.24 sec below the sea floor and appears
to represent the top of the basalt basement. This travel Figure 11. Generalized lithologic section showing the
time and actual depth to basement indicate that the depth to various units at sites 417 and 418.
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multicolored clay. If this last correlation is correct, then Stephen et al. also demonstrated the effect of small-
the velocity through the sediments above reflector 3 scale basement topography on travel-time for the top
would be 1.83 km/sec, implying that the seismic velo- of Layer 2 (upper level of oceanic basement). Their
city through the sediments between reflectors 3 and 4 is efforts to study velocity anisotropy were hampered by
significantly lower than that above reflector 3. the obvious effect of small-scale topography. The 4

At hole 417D the basement reflector is at 0.413 sec, regional scale topography had been determined using
suggesting that the velocity in the overlying sediment is standard profiler techniques and was incorporated into
1.6 km/sec. This amount is different from the calcu- their calculations. Figure 13 is a plot of the difference
lated interval velocity at hole 417A but similar to the between the calculated arrival time using regional
laboratory-measured velocities for sites 417 and 418. topography corrections and an assumed velocity of 4.8

At site 418 the horizon at 0.4 sec is not distinct and km/sec, and the actual arrival time. The residuals 0
is probably masked by overlying chert. The average shown in Figure 13 (taken from Stephen et al., 1980)
velocity through the sediments should be 1.6 km/sec. indicate that the topography is rougher when perpen-
A prominent reflector at 0.2 sec can be traced via the dicular to the magnetic lineations than when parallel
records to the area of 417D where it occurs at 0.18 sec. to them. Stephen et al. state, "There is no point in
There, it is correlated with the top of the multicolored studying lateral velocity effects from direct arrivals
clay. At hole 418B the clay is at 177 m. This geometry unless the small-scale topography is known accurately 0
produces sediment velocities of 1.77 km/sec for the from detailed profiling."
sediments above 0.2 sec and 1.47 km/sec for those Velocity averages obtained by the OSE were found
below. An alternative would be to correlate the 0.2-sec to agree better with velocities obtained by well logg-
reflector with the top of a mid-Eocene zeolite clay. This ing at site 417 than with laboratory measurements (for
correlation produces more acceptable velocities of 1.5 example, 4.8 km/sec vs. 5.4 km/sec in basalts). It is
km/sec for the upper layers and 1.74 km/sec for the suggested that the reason for higher laboratory
lower layers but does not agree with correlations at measurements is the presence of small cracks in the
site 417. rock that occur on a scale larger than the size of the

laboratory samples (Salisbury et al., 1980).
C. Oblique Seismic Experiment

e Oblique Seismic Experiment D. Geologic Factors Impacting 0The Oblique Seismic Experiment (OSE) was con-

ducted at site 417D. Because the bottom hole assembly Seismic Propagation
had broken off and remained in the hole, the OSE was Some factors peculiar to this site could have an effect
performed in the open section of the hole between 344 on acoustic transmission:
and 603 m subbottom. The instrument package con- * The site is located between two fracture zones, one
sisted of a three-component geophone clamped to the about 20 km to the north and the other about 70 km 9
walls 228 m into the basalt. Tovex extra explosive to the south. They are the result of small offset
charges (20 lb) were detonated at approximately 46 m transforms and do not exhibit the relief seen along
below the sea surface and at 0.5-km intervals along two some major fracture zones. Previous comments con-
perpendicular 12-km lines. The lines were centered at cerning fracture zones at site 534 apply here also.
the drill ship (Glomar Challenger). Although intended e During the OSE experiment Stephen et al. (1980)
to be north-south/east-west lines, they were actually concluded that small-scale topography adversely
slightly rotated clockwise as shown in Figure 10. The affected their ability to predict seismic travel times.
north-south line was repeated with the instrument 9 Hole 417A was drilled on a topographic high and
package repositioned at 8 m into the basalt. All record- contained the most altered basalts recovered from a
ing equipment was aboard the Glomar Challenger. The DSDP borehole, to that date (1977). Mineral alteration
shooting ship was the Virginia Key. will affect density and crystallography and, therefore,

Valuable information relating to acoustic propaga- the geoacoustic properties. Hole 417A values for •
tion paths within the basement was provided by the velocity and density in at least the upper 50 m of base-
OSE experiment. At the Mid-Atlantic Ridge the pre- ment are lower than those of sites 417D and 418. Other
ferred north-south orientation of ridges, faults, and hills in the area could have altered mineral sites.
fissures caused velocity anisotropy between north-south
and east-west-oriented lines. The OSE experiment
showed that this anisotropy did not exist at site 417D, E. Velocity and Density Profiles
suggesting that cracks and fissures close with age. The A listing of the laboratory measurements of seismic
constant change of velocity with depth suggests that velocity, density, and porosity values for each sample
the cracks close with depth as well as age (Stephen from sites 417 and 418 is presented in Appendix A-2.
et al., 1980). The measurements from holes 417A, B, and D were

10 0



SITE I CLAY 0AE

W 417 E
7 sec 

1

2 C)

III ZEOL
CLAY _

HOLE Itv RAD417AA CLAY ,417ATO
OOZE

8 sec V CLAY _
I i , , l . . . . JBASALT --

05 10 km RUBBLE & !. 51
CLAY- 7

" • : -200

BASALT:

Figure 12. Correlation of four strong reflectors with possible lithologic reflecting horizons at site 417 (adapted
from Donnelly et al., 1980). ZEOL indicates zeolitic and RAD indicates radiolarian.

combined to construct a complete sedimentary section. Figure 16 is a generalized profile across the plateau
The measurements from the basalts include data at 28 0N and depicts the basic history of sedimentation
collected to a depth of 500 m below the sea floor. Plots on the plateau. Velocities indicated in the figure were
of laboratory-measured seismic velocity and density obtained from a multichannel seismic profile across
vs. depth for sediments from sites 417 and 418 are the plateau.
presented in Figure 14. Initial rifting of the continental crust in this area

probably began in late Triassic time. Triassic and
possibly early Jurassic volcaniclastic and terrigenous

IV. Area III: Blake Plateau sediments began to fill the basement rifts. During

A. Geologic Setting Jurassic time the area subsided and was covered by the

The Blake Plateau is located off the coast of the
southeastern United States, roughly between 27*N and ~--~31*N, and at water depths of 600 to 1000 m. It is ,Iw.,-' -, ,".
bounded on the west by the Florida-Hatteras slope and 0 0-

31 0 N, an at"watr.depthsof 600 o.1000...It.is'..A'--
on the east by the Blake Escarpment. Because this 2 " 0 2
125,000 km 2 portion of sea floor is located between , J 2
continental shelf and oceanic depths, it is considered 417D J.2

to be an anomalous feature and has been intensely ---- =t- MM

studied. - N-S = 54M

Crystalline basement is covered by as much as 13 km
of unconsolidated and consolidated sediment (Fig. 15). Figure 13. Travel time residuals: differences between
The northern part of the plateau is underlain by the observed travel times and those calculated assuming
Carolina Trough, a deep, elongated basement feature a layer 2 (basement) velocity of 4.8 km/sec and regional
extending from about Cape Hatteras to 31*N under topography from bathymetric profiles. D indicates the
the continental slope. The remainder of the plateau is depth of the geophone below the rig floor. E- W and
underlain by the bowl-shaped basement of the Blake N-3 refer to the east-west and north-south OSE
Plateau Basin. tracklines shown in Figure 10.
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Figure 14. Plots of velocity and density vs. depth for shipboard laboratory-measured samples from sites 417
and 418. No correction has been made for rebound of sediments and no consideration has been given to sediment
not recovered in the cores.
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Figure 15. Contour map of the Blake Plateau showing bathymetry in meters and the depth to basement in kilometers
(adapted from Popenoe, 1984).

ocean. Reef growth occurred along the edge of the con-
tinually subsiding Blake Plateau. Landward of the BLAKE PLATEAU
reefs, limestone deposits accumulated until the mid- 0
Cretaceous. Additional subsidence and a rise in sea ,UPPER CRETACEOUS-RECENT( CHALK AND OOZE

l} level brought deep-water deposits to the plateau. ._2.0 "w .
During the early Eocene the Gulf Stream began to flow 2- 4 LID-ETCO US
through the area, causing long periods of nondepo- 2I 5-INE

sition and scour, which accounts for the fact that the .-- J"
remainder of the sedimentary column on the plateau 4.5 LOWER CRETACEOUS REEF
is so much thinner than that of the continental shelf ..4- "LIMESTONE OR

I) to the West.
A detailed seismic stratigraphy of the upper 5.1 UPPER JURASSIC C03u

kilometer of sediments was presented by Pinet and . 6 - LIMESTONE / \
Popenoe (1985). By correlating their single-channel x I\// " D, "
seismic reflection lines with those collected on the shelf 5 I UASC? BANKLMETN '  "

and the plateau (Dillon et a., 1979), and with drill holes 7EAuIE -- ;

28" LIETN EVAORTE

on the plateau, they were able to correlate reflectors ty T a eml
with sediments of mid-Cretaceous through Oligocene STRUCTURE
age. Only small pockets of post-Oligocene sediments BLAKEPLA
are identified on the records. 10-au d i e -E T RC

B. Geologic Factors Impacting as eVOLCANCLASTCS

Seismic Propagation
Athough the presence of a singular rock type 2. MDCE EU

(lmestone) with a thickness of about 7 to 12 k might
seem ideal for modeling, the character of the limestone INTAL CRUST

must be considered. At the edge of the Florida/Georgia
shelf, for example, the limestones are lithified coral
reefs, which are generally recognized on seismic reflec- Figure 16. Schematic representation of the lithologic
tion records by the absence of coherent signals rather units and their compreional velocities across the Blake
than by strong signal returns. Also, on mainland Plateau (after Sheridan et l., 1981).
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Florida, sink holes found in limestone formations are Hispaniola, on the west by the state of Florida, on the
the same, or similar, to those under the Blake Plateau. north by the Blake Plateau, and on the east by the
Although the depth of the limestones on the plateau Bahama Escarpment. The platform consists of several
implies that they are highly compacted and presently shallow banks capped by 20 islands and over 3000 small
should not contain cracks, fractures, or solutions cays. More than 200,000 km 2 of the platform are
features, previous in-filling of such features would shoaler than 20 m. Deep water, in some places in excess.
produce a nonhomogeneous limestone, of 1500 m, is found in the channels that dissect the

Seismic records suggest the presence of lenses of platform.
different composition within the Blake Plateau The geologic history of the Bahama platform is
limestone section (Sheridan et al., 1981; Shipley et al., similar to that of the Blake Plateau, except that
1978). Because diapirs, assumed to be composed of persistent shallow-water carbonate buildup on the
evaporites (salt), occur near the edge of the continen- platform has resulted in the formation of the Bahama
tal shelf farther to the north, it would not be Banks and Islands. About 2.5 km of volcaniclastic

unreasonable to expect salt lenses within the limestones sediments of Triassic and early Jurassic age overlie a

of the Blake Plateau. For this reason, a salt dome is basement of rifted transitional crust. Limestone,

shown in Figure 16. The physical properties of salt are dolomite, and evaporite rocks, which comprise the next

significantly different from the limestone (e.g., low 3.5 km of the lithologic column, range in age from late

density). Geophysically, salt is identified by its high Jurassic to mid-Cretaceous. The oldest carbonates

compressional velocity, under the Bahama Platform, therefore, are younger

At the landward edge of the Carolina trough, growth than the oldest carbonates under the Blake Plateau.

faults are generated as the sediments adjust to the The post-Albian transition to deep-water chalks and

movement of deeply buried evaporites which, in turn, oozes is similar to that of the Blake Plateau. At times

are responding to the overburden pressure of the shelf of higher sea level during the Pleistocene the present

sediments (Dillon et al., 1982). Some of these faults area was covered by water and oolitic limestone was
the Blake Plateau, and some faulting may deposited. Carbonate buildup continues on the banks

are under th onae plateau n soe to may today. Diagenesis of carbonate sands and muds to
occur farther south on the plateau in response to move dolomite is also widespread because of reaction
ment of evaporites. between the carbonate and hypersaline, magnesium-

North of 30°N large surface areas of the Blake rich, seawater (brines). The process is enhanced by

phosphorite andovnese .The crust i sey ls sea-level changes that have exposed subsurface rocks
phosphorite and manganese. The crust is generally less alternately to subaerial and submarine environments.
than 10 cm thick, but should be strongly reflective to Dolomite was drilled as shallow as 26 m below the
high-frequency signals. surface in a bore hole on Grand Bahama Island

Gas hydrates are continually being discovered at con- (Paulus, 1972).
tinental margins around the world and have been found
at the northern end of the Blake Plateau (Dillon et al., B. Geologic Factors Affecting
1980; Paull and Dillon, 1981; Markl et al., 1970). Seismic Propagation
Although little is known about their effect on acoustic The character of the carbonates here is similar to
propagation, their appearance on seismic records is that on the Blake Plateau. Inhomogeneities within the
clearly dramatic. carbon th k and P ae i e on the

The Jurassic and Cretaceous age limestones of the carbon rocks and surface relief on the platform will
Gulf of Mexico are prolific hydrocarbon source rocks. mineralization associated with faulting at Northwest
Thus, modeling of the Blake Plateau must also take Providence Channel and the Great Abaco Canyon.
into account the possible presence of oil and gas in the
limestone.

Sediment scouring on the plateau will cause surface VI. Area V: The Bermuda Rise
relief capable of scattering acoustic energy. In addition,
the currents of the Gulf Stream can be a source of flow A. Geologic Setting 0
and turbulent noise. The Bermuda Rise is a northeast/southwest-trending

elongate arch approximately 2000 x 1000 km in size,
located about 1500 km off the southeastern coast of

V. Area IV: Bahama Platform the United States. The rise shoals to approximately
4000 m, or about 1 km shallower than the surrounding

A. Geologic Setting ocean basin. The Bermuda Pedestal, a flat-topped sea-
Area IV on Figure 1 is only the northwest portion mount on which the island of Bermuda stands, is

of the Bahama Platform. The entire platform, exten- located at about the center of the rise. Figure 17 shows
ding to the southeast, covers 300,000 km 2 and is the Bermuda Rise and the locations of DSDP drill sites
bordered on the south by the islands of Cuba and 386 and 387.
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Figure 17. Contour map of a section of the Bermuda MARLY~ CHALK 40A'
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indicated.

*B. Seismic Stratigraphy CLAYSTONE 1.75
Oceanic layer 2 is generally regarded as acoustic

basement in the area. Basement is rugged, with features 600.
as shallow as 1.2 sec above the sea floor and as deep 610

as 1.5 sec (two-way travel time) beneath it. The age
of the crust at DSDP site 387 is early Cretaceous, or
about 135 mybp, and is mid-Cretaceous, or about CHALK AND
105 mybp at DSDP site 386 (Childs, 1985). LIMESTONE -700-

The thickest sediments (1.5 sec) occur as an apron 2.08
around the base of the Bermuda Pedestal. Away from 792- B -
the apron sediment thickness decreases. The 8D0.

Cretaceous-to-Recent geologic history is basically the SALT
same as that of the North Atlantic Ocean (presented
in section I of this report), except that the post-
Paleocene sedimentation and morphology has been II _ I
significantly influenced by the formation of the
Bermuda Rise. Figure 18. Generalized lithology, seismic velocity, and

The basal sediments are limestones and chalks of depth to reflecting horizons at DSDP site 387. Depths
early Cretaceous age. The boundary between them and are in meters and velocities in kilometers/second.
the overlying mid-Cretaceous black clays appears to diverge and are easily recognized. They are about 500
correlate with the P3 reflector in seismic profiles to 600 m apart near Bermuda.
(Tucholke, 1979). The black clays are overlain by red The Paleocene and early Eocene sediments are cherty
clays, followed by a late Cretaceous calcareous claystones and mudstones that are overlain by mid-
claystone and chalk unit (Fig. 18) that was correlated Eocene turbidites. Tucholke and Mountain (1979)
with the A* reflector (Tucholke et al., 1979). relate the lower cherty unit to reflector Ac and the

On the Hatteras Abyssal Plain and on the western upper turbidite unit to Al. Generally, when both
part of the Bermuda Rise, horizon A* is less than 0.1 reflectors are observed, the deeper reflector is the
sec below horizon Ac, and is often indistinguishable stronger and is recorded 0.1 to 0.2 sec beneath the other
from Ac. East of 67*W, however, the two reflectors reflector.
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In the area surrounding Bermuda, single-channel North Atlantic in the vicinity of 23°N-33°N and
seismic records reveal a prominent reflector above At 82 0W-650W.
and Ac roughly midway in the sedimentary section.
This reflector is designated Av and correlates with the A. Previous OBS Efforts
top of the late Eocene to mid-Oligocene volcaniclastic Ocean current noise is a problem for some ocean
turbidites (Tucholke and Mountain, 1979). Av forms bottom seismometers. Duennebier et al. (1981) estimate
an oval-shaped apron around Bermuda. Bowles (1980) that bctween 5076 and 15076 of OBS data taken by the
indicates that it extends for 140 km in an easterly Hawaii Institute of Geophysics were degraded by noise
direction and from 210 to 225 km in a south- due to ocean currents. At short periods the principal
southeasterly direction. mode of noise generation appears to be shedding of

A" is observed on the seismic records obtained near Karman vortices from antennas and other resonant
site 386, but is not seen as far west as site 387 (Fig. 17). obstructions. High-amplitude, narrow-band noise that
Near site 386, Av is between 0.1 and 0.5 sec beneath correlates with periods of high (10 cm/sec) ocean
the sea floor (two-way travel time). bottom currents and the principal lunar semidiurnal

Above horizon Av the seismic records indicate that tide (12.4 hours) has been observed.
bottom currents were an important influence on sedi- Vortex shedding is not the only possible mode of
ment distribution. Bowles (1980) and Lowrie and coupling current-induced noise to OBS's. At long
Heezen (1967) demonstrated the strong tendency in the periods OBS tilting can be a serious problem. Accord-
Bermuda area for surficial sediments to accumulate ing to Duennebier et al. (1981) and Sutton et al. (1981),
to the northeast of an obstruction, but sediment an instrument resting on soft sediment can be tilted
depletion is observed to the southwest. by the pressure of the current exerted against it.

Bowles (1980) also pointed out several areas around Duennebier et al. gave an example of how an OBS, with
the base of the pedestal where records indicate the a cross section of about I m in diameter centered about
presence of ponded, acoustically laminated sediments 0.5 m above the bottom with a tripod base and mass of
deposited in depressions formed by current erosion 200 kg, would tip about 5 x 19-6 m (10-5 radians) in
during the Pleistocene. Laine (1978) also suggested that response to a 10-cm/sec current. This tilt would be
the weakly reflecting, acoustically laminated sediments, sufficient to drive long-period seismometers off scale.
observed as the first set of subbottom reflectors, were Fluctuations about this 10-cm/sec current would pro-
deposited beginning in the early Pleistocene. duce objectionable noise at shorter periods. Boyd

The transparent layer beneath these reflectors, which (1984) made near-bottom current measurements at
is presumably composed of Neogene pelagic sediments, DSDP Hole 395A (near 23°N-46°W). Marked spectral
thickens and thins independently of the underlying peaks at semidiurnal (12.4 hours) and inertial
topography. This lack of conformity with the under- (30.7 houis) frequencies were measured. Mean and
lying surface suggests that currents redistributed the maximum current speeds of 4.4 and 9.0 cm/sec,
sediments (Bowles, 1980). Thus, Neogene sediment respectively, were not strong enough to cause hydro-
distribution throughout the area is unpredictable. dynamically generated noise; it is not certain however,

that the seismic records were of high enough quality to
separate background noise from induced noise

C. Geologic Factors Affecting (R. Jacobson, ONR/CRD, Washington, D. C.).
Seismic Propagation Figure 19 indicates the three sites for which a bottom

In this area there is considerable basement relief description will be given. Generalized bottom sediment 0

related to uplifting of the Bermuda Rise and the for- types (NAVOCEANO, 1965) are also shown for each

mation of the Bermuda volcano. Further, current scour area. Bottom depths range from less than 100 m in the

and deposition have caused considerable topographic northwest sector to more than 5600 m in the southeast

relief and give rise to the extreme variability in the sector.

sea-floor surface and near-sea-surface sediment types. B. General Deep Circulation

Neumann and Pierson (1966) describe the deep
(3000 m) circulation as a mean southerly flow that

VII. Bottom Current Descriptions extends down to about 5000 m in this region of the
for 820W-65°W, 23°N-33°N world; below this depth, Antarctic Bottom Water

moves northward. According to Hogg (1983) the
Ocean bottom seismometer (OBS) performance can abyssal circulation in the western North Atlantic con-

be adversely affected by bottom currents. Therefore, sists of two southerly components: one flows
this section describes the variability and complexity of southwestward inshore of the 4000-m isobath; the other
the bottom current circulation that exists in the western flows in deeper water farther offshore and recirculates
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3/4 the scalar mean speed can be two or three times as
0 __ - large. Kelley and Weatherly (1985) showed that

3r ---- SA energetic fluctuations can occur, even at near-bottom
SITE 1 ' (4900 m) depths with time scales of 30 to 90 days. These

J, . 3 2fluctuations probably result from Gulf Stream
-_ meanders and rings. Both Gulf Stream and wind

forcing may set up mea.ders with periods ranging from
1.4 to 12 days in shallow water (such as near the coast)

! ! (Li et al. 1985).

2 D. Best Estimate of Subsurface Currents
Wilcox (1978), Mills et a]. (1981), NAVOCEANO

W* 7P '* MO (1964-1982), and others have provided comprehensive
current meter records for several locations within the

Figure 19. Generalization of bottom sediment types study area (Fig. 20). Wilcox developed a realistic data
in the western North Atlantic around the sites (1, 2, base of mean and maximum current speed for the
and 3) where bottom currents are described, design of deep ocean equipment. Short-term current

meter records, as well as subsurface floats, were used
to establish Wilcox's data base.

water in a series of small, meridional-scale gyres. This Figure 21 is a plot of mean and maximum current
concept was apparently first suggested by Schmitz speed vs. depth for the stations shown in Figure 20.
(1977). The most striking feature of the plot is the large scat-

ter, which could be expected in such a diversified

C. Circulation Variability dynamic region. Figure 22 presents the data by "mean
profiles"; note the large standard deviations associated

According to Webster (1971), long-term current with the curves.
measurements from different regions of an ocean show An important consideration in site selection is the
similar mean kinetic energy and mean speeds. At any estimated variability of the current profile from area
given depth, less than a factor of two is present in the to area. Due to the large variability throughout the
range of speeds. Webster (1969b) shows that deep-sea region, bottom depth was used as a primary selecting
current spectra data are dominated by semidiurnal and factor. Area 3 has the most consistent and deepest
inertial frequencies. Within this study area, the iner- depths; therefore, the current variability and mean
tial period would vary from 30.7 hours at 23°N to 22.0 speeds should be less than for the other two areas
hours at 33"N. (Fig. 22).

Although the mean abyssal flow is low velocity Typical near-bottom current speeds are estimated:
(Amos et al., 1971), there is substantial variability in Area I - mean near-bottom speeds highly variable,
the circulation. Lai (1984) measured the Deep Western as is bottom depth; mean speeds may vary between
Boundary Current (DWBC) for over 100 days near the 5 and 25 cm/sec; strong rotary tidal influence present;
Blake Escarpment (28°N, 76°W). The width of the expect maximum near-bottom speeds in excess of
DWBC was about 60 km and its core of maximum 25 cm/sec.
velocity was located 10 km east of the escarpment. The Area 2 - mean near-bottom speeds most likely do
mean flow was 22 cm/sec at 2500 m. Thirty meters not exceed about 10 cm/sec; maximum speeds attain
above the bottom (4930 m), the mean flow decreased 25 cm/sec or less.
to 15 cm/sec. Higher speeds have been reported by Area 3 - typical near-bottom speeds appear to be
Riser et a]. (1978). Sound fixing and ranging (SOFAR) less than 6 cm/sec; maximum speeds are about
floats in the western North Atlantic, near the Blake- 12 cm/sec.
Bahama Outer Ridge (28*N-72*W), at depths between
1500 and 2000 m, were caught in an intense cyclonic E. Conclusions
eddy, which had a radius of 40 km and orbital speeds
attaining 40 cm/sec. In the vicinity of the Blake Large variation in current speed and direction should
Escarpment (28 0N-76*W), Perkins and Wimbush be anticipated throughout the region. Below about
(1976) also observed a cyclonic eddy that attained 3000 m, current speed should decrease with increasing
orbital speeds of about 40 cm/sec; the eddy diameter depth. Assigning mean current speed values to any one
was approximately 60-80 km. Webster (1969a) stated location based on historical data may not be meaning-
that the time-dependent current components average ful because of the variability. At or near the bottom
each other out over long-period vector means, and that current speed and variability should be lowest in area 3,
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RANGE 
DE

Ao ni oip. DEPTH Vp DENSITY
,2 s'64 (STD D"7 35 4971a 1.54 WATER

SITEI 2B76 sea floor4 .0 1.75 1.70 CLAY, SILT
II 75 189 146.9 1.90 2.00 OOZE

2EA 6X 203.5 2.00 2.05

21 8jAIMMSED 326.0 1.80 2.05 INTRACLASTIC
' *129 

354.5 2.10 2.10 MARLY CHALK4 . D; t 3,
4?.2 500.0 2.00 2.05

SITE 545.8 1.96 1.96 INTERBEDDED
2 566.6 2.05 1.99 MUDSTONEI/CHALK

M 595.2 2.21 2.06
660.0 2.72 2.35 CHALK WITH LIMESTONE,
696.5 2.42 2.35 MUDSTONE

- 8 8 714.5 1.90 2.10
SItE 3 1.5 723.5 2.63 2.20

764.5 1.87 2.10 CLAYSTONE
6_887.0 1.90 2.07

601 020 30 914.0 1.77 1.98
SPEED (cm/sec) 950.0 2.41 2.23 CHALK

Figure 22. Profiles of the mean values of mean current 976.0 3.38 2.42 INTERBEDDED CHALK,
1044.5 2.28 2.24 CLAYSTONE, LIMESTONE

speeds and maximum current speeds measured at the 1107.5 2.83 2.34
locations shown in Figure 20 and plotted in Figure 21. 1202.0 3.22 2.46 CHALK WITH LIMESTONE.

1268.0 4.00 2.60 CLAYSTONE
1342.0 3.27 2.45 LIMESTONE

making it the best environment for ocean bottom 1395.5 2.44 2.33
seismometers, followed by area 2 as second choice and 1429.0 3.89 2.54 LIMESTONE WITH
area 1 as the third choice. 1495.6 2.86 2.40 CLAYSTONE

1549.8 3.61 2.48
1572.0 3.17 2.49
1617.1 2.73 2.39x CLAYSTONEModels 1625.3 2.48 2.41x

A. Area 1: Seismic Models 1635.3 5.18 2.73x BASALT

Three seismic models are presented for site 534. FOOTNOTE:
Because physical properties measurements were not x - the compressional velocity and density did not fit any
made on the upper 545 m of sediment from hole 534A, of the published curves. In the case of the claysione

(depth = 1625.3 m) the core description mentions the

the velocity/density values from site 391 were used in presence of pyrite which might account for the unusually
constructing the upper 545 m of the models. high densities in that section.

The first model (Figs. 23 and 24) was developed by Figure 23. Shipley's geoacoustic model I for DSDP
S h ip ley (19 8 3 ) to g en era te sy n th etic seism o g ra m s. H e sit e 5 3 hipted f r ooS i c 1 983r.
extracted information from the site geophysical logs
that are, according to Sheridan (1983b), incomplete
and erroneous. Therefore, Shipley also used available the porosity rebound calculations of Hamilton (1975).
common-depth-point (CDP) and sonobuoy data in an Below 865 m the model is the same as our second
attempt to lessen uncertainties about the relative loca- model.
tions of the hole and the seismic sections, the velocity Shipley (1983) attempted the same using the relation-
corrections, and the composition of the sediments not ships of Hamilton (1975) and the relationships between
recovered in the cores. Figure 25 shows that his model porosity and vertical velocity from hole 534. Coin-
does not produce an exact fit to observed reflections. parison of logging results with corrected values showed

The second model (Figs. 26 and 27), which we pro- that the Hamilton data were adequate for predicting
posed for this area, is a combination of Shipley's velocity/density changes due to rebound at this site.
Model I to 545 m depth and a manually smoothed ver- For the data from hole 534, Shipley felt that there was
sion of the laboratory measurements of physical no systematic rebound for terrigenous sediments below
properties from hole 534A to a depth of 1665 m. 940 m and for chalks below 700 m. The difference

For the third model (Figs. 28 and 29), we attempted between laboratory and calculated velocities is less than
to refine shallow sediment physical properties data 0.1 km/sec for muds to a depth of 700 m and does
using geologic considerations. Corrections were made not change significantly below that depth. For chalks,
for laboratory measurements of sediment velocity and the difference is about 0.2 km/sec at depths from 500
density from sites 391 and 534 to in situ values using to 700 m.
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Our seismic models (Figs. 26 and 28) are consistent
VELOCIT' (Km s DENSfTh ' with Shipley's model and make about the same adjust-

0 1 2 3 4 5 6 18 26 34
0 0 ment for rebound; however, our models include some

(observed) high-velocity stringers to retain as mnuch
'00i agreement with the "real world" as is practical for

geoacoustic modeling. All assumptions, equations, andI calculations used to create the models are presented'
400. 4M.and discussed in the footnotes to the models.

I No shear velocity measurements were made at the
sites. The shear velocities for the unconsolidated

15L sediments in the models were calculated from compres-
f _=C'sional velocities using the empirically derived equations
x 8W 8Wof Hamilton (1980). Furthermore, the values used to

generate these equations were not measured from
calcareous oozes or pelagic clays. Hamilton (1980)

i1' 01 stated, however, "in the absence of sufficient data,
the same equations are recommended for use in predict-
ing shear wave velocities in calcareous ooze and pelagic

12MX 120D. clay." At depths over 600 m where we considered the
- sediments sufficiently compacted, we used a conversion

14W, 14Mfactor of 0.577 (Telford et al., 1976).
- Shipley (1983) examined all the seismic lines closest
- to the site to determine the reflection two-way travel

1600. 6OC-.time at the site. He presented the maximum and
minimum travel times for these seismic records and

_______________________________________ the mean value of the three points closest to the site.
Figure 24. Velocity and density as functions of depth The travel time for our models falls within the range
for the Shipley geoacoustic model. determined by Shipley.
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DEPTH Vp DENSITY Vs VELC.'T (kM. S, DENSITY gc

.0 1.75 1.70 0.44 2 3 4 5 6 10 18 2E 34

147, 1.90 2.00 0.53
204. 2.00 2.05 0.60
326. 1.80 2.05 0.47
355. 2.10 2.10 0.68 ioo 10
500. 2.00 2.05 0.60
548. 1.87 1.70 0.51
600. 4.00 2.50 2.30
623. 2.10 1.80 1.21 no 1W
646. 4.10 2.50 2.37
660 2.60 2.20 1.37
708. 2.00 1.70 0.60
732. 4.87 2.00 2.81 300- 3oC
737. 1.80 1.04
862. 5.00 2.80 2.891
865. 2.00 2.10 0.60
925. 3.70 2.40 2.14 4W - 400

960. 2.70 1.42
979. 5.00 2.89
995. 4.10 2.37

1030. 4.90 2.65 2.83 5W - 5W
1050. 3.20 1.68
1064. 2.05 2.10 0.64
1092. 3.60 2.50 2.08
1111. 3.20 1.85 oo 6o
1140. 4.00 2.31
1160. 3.00 1.58
1236. 4.00 2.31 7
1308. 3.20 1.85 700- 70( -
1330. 3.95 2.28
1400. 2.80 1.47
1429. 5.00 2.89
1468. 2.80 2.70 1.47 WOO 800
1505. 4.00 2.31 -9
1523. 2.42 1.27 x -
1550. 5.00 2.60 2.89
1570. 3.80 2.19 9o- 90C
1595. 2.80 1.47
1640. 5.30 2.85 3.06
1655. 5.87 3.39

For Vp from 1.512 to 2.15 kls the following equations from Woo- lox

Hamilton (1980) were used to calculate Vs: -

for Vp = 1.512 to 1.555 k/s:
Vs = 3.884Vp-5.757 11.-

for Vp = 1.555 to 1.650 k/s:
Vs = 1.137Vp-1.485

for Vp = 1.650 to 2.150 k/s: 120C 120

Vs = 0.991-1.136Vp + 0.47V 2 p

For Vp from 2.15 to 3.4 k/s the ratio Vp/Vs = 1.9 was used
where the rock was limestone or chalk (Hamilton, 1980), and 13- 13o
also for the two claystones found at depths of 1523 meters
and 1595 meters. For other lithologies the Milholland et al.
(1980) curves were used.

For Vp greater than 3.4 the ratio of Vs = .577Vp was used 1400-140C

(Telford et al., 1976).

Figure 26 (above). Proposed geoacoustic model for site 150C 15CC
534. To 545 m depth, this model duplicates Shipley's
model 1. Below 545 m, the model was constructed by
manually smoothing the shipboard laboratory r-
measurements of sediment velocity and density.

1700 1 7(

Figure 27 (right). Velocity and density as functions of

depth for the proposed geoacoustic model presented
in Figure 26.
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B. Area II: Seismic Model reflectors 1, 2, 4, 5, and 6 were calculated using travel
In all, six reflectors were recognized on the seismic times from seismic reflection data (Donnelly et al.,

reflection records from the vicinity of sites 417 and 1980). Physical properties measurements on DSDP
418. To make the generalized geoacoustic model cores provided information on approximate velocities
(Fig. 30), data from site 417 were used. The travel times and depths to sections of the cores with high acoustic
to all reflectors and the depth to reflector 3, which were impedance contrasts.
determined by the shipboard scientific party (Donnelly We divided the geoacoustic model into I layers
et al., 1980), were used as a starting point. As shown, based on lithology and seismic velocities reported for
definitive seismic/stratigraphic correlations at this site site 417 (Donnelly et al., 1980). Values presented in
were not determined. The approximate depths to the geoacoustic model were determined using several

DEPTH (1) Vp Vs (2) DENSITY (3) POROSITY (4)

4971a 1.54 WATER
sea floor

.00 1.50b 0.12 1.42 78. OOZE, CLAY
2.3 1.50b 0.12 1.43 77.6
4.9 1.51b 0.12 93.6

8.0 1.51b 0.12 88.4 SILTY CLAY, CALCAREOUS OOZE
88.6 1.58b 0.31 1.44
94.3 1.59b 0.32 1.76z 48.0

146.9 1.90b 0.53 2.00 INTRACLASTIC MARLY CHALK
203.5 2.00 0.60 2.05
326.0 1.80 0.47 2.05
354.5 2.10 0.68 1.91z 49,4
474.6 2.00 0.60 2.05z 43,3

500.0 2.00 0.60 44.0 INTERBEDDED MUDSTONE/CHALK
548. 1.92 0.54 1.90

600. 4.00 2.11 2.50 14. CHALK WITH LIMESTONE, MUDSTONE
623. 2.15 0.78m 1.91z 45.
646. 4.10 2.37 2.50 12,
660. 2.60 1.20n 2.20z 24.

708. 2.05 0.60 1.81z 40. CLAYSTONE
732. 4.87 2.65n 12.
737. 1.97 0.58 2.15z 43.
862. 5.00 x 2.80 5.
865. 2.24 0.75m 2.20z 43.

925. 3.70 1.95 2.40 30. CHALK
963. 2.70 1.56c 2.32 26.

979. 5.00 2.89c 3. INTERBEDDED CHALK, CLAYSTONE, LIMESTONE
995. 4.10 2.37c 2.40 10.

1030. 4.90 x 2.65 9.
1050. 3.20 1.85c 2.30 16.
1064. 2.05 1.18c 2.10 36.
1092. 3.60 2.08c 2.50 15.
1111. 3.20 1.85c 2.30 36.
1140. 4.00 2.30c 2.30 13.

1160. 3.00 1.73c 2.30 20. CHALK WITH LIMESTONE, CLAYSTONE
1236. 340 1.96c 2.30 20.
1280. 4.00 2.30c 2.30 15.

1308. 3.20 1.85c 2.30 21. LIMESTONE
1330. 3.95 2.28c 2.30 18,

1390. 2.80 1.62c 2.30 25. LIMESTONE WITH CLAYSTONE
1429. 5.00 x 2.70 5.
1468. 2.80 1.62c 2.3 24.
1505. 4.00 2.7 8.

1523. 2.42 1.40c 2.36 24. CLAYSTONE
1550. 5.00 x 2.60 5.
1570. 3.80 2.19c 2.60 12.
1595. 2.80 2.60 22.

1640. 5.30 2.75 2.65 13. BASALT
1654.0 5.87 3.09 2.82 9

Figure 28. Second geoacoustic modelfor site 534. This model is a refinement of the model shown in Figure 26.
It corrects the laboratory-measured sediment velocity and density values to in situ values.
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LEGEND - FIGURE 28
(1) Water depth Is water column thickness; sediment depth is depth below sea floor.

(2) Vs was calculated using the following equations of Hamilton (1980) for sediments to a depth of 600 meters.

for Vp = 1.512 to Vp = 1.555 k/s: Vs = 3.884Vp-5.757
for Vp = 1.555 to Vp = 1.650 k/s: V, = 1.137Vp-1.485
for Vp = 1.650 to Vp = 2.150 k/s: V. = 0.9 91-1.136 Vp + 0.47V 2

p
for VP greater than 2.150 k/s: V, = 0.78Vp-0.962

Shear velocities without notation were obtained using the equations above, or, the relationship
vp = 1.9V*

where the lithology and the compressional velocity and density indicated the layer was composed of limestone or similar rock
(from Hamilton, 1980).

Vs for the sediment surface was calculated using a 13:1 ratio for Vp:Vs (Hamilton, 1980).

For basalt the velocity-density curves of Christensen and Salisbury (1975) were used.

Shear velocities with notation were obtained using the methods described in part 2 below.

(3) Density is wet bulk density. A density of 1.49 gm/cc was measured at 2.3 meters in the core. An expected value would be about
1.44 gm/cc (Hamilton, 1975; Tucholke and Shirley, 1980). Assuming a grain density of 2.73 gm/cc, a water density of 1.05 gm/cc,
and a porosity of 78% we calculated the density at the sediment surface to be 1.42 gm/cc. This value is much closer to the normal
values for abyssal plain sediments.

At depths of less than 90 meters density changes in oozes due to compaction rebound in cores is negligible (Hamilton, 1975).
Where densities were taken directly from the Shipley model no adjustments were made. For non-lithified sediments between 600
and 900 meters densities indicated by notation (z) were corrected as explained in part 2 below.

(4) Porosity above 500 meters is shipboard measured value at that depth; below 500 meters where the range of values was greater
it is an approximate mean for the values from that depth to the next.

a - Water velocity taken from NORDA database (J. Soileau, pers. comm.)

b - Vp at the water sediment interface is indicated at a depth of .0 meters. Shipboard measured Vp at 2.28 meters was 1.47 k/s,
giving a low VoNw ratio of .95. In situ corrections, calculated according to Hamilton (1971), would increase the compressional
velocity by about .013 k/s. The work of Tucholke and Shirley (1979) comparing in situ with laboratory "in situ corrected" velocities
suggests that the corrected laboratory velocities should be between .01 and .02 k/s slower than the in situ values. Therefore, the
compressional velocity at the sea floor is estimated to be 1.50 k/s. The VoNw ratio is then .97 which is consistent with the ratios
calculated by Tucholke and Shirley (1979) in the Nares Abyssal Plain. For this model the shipboard measured velocities from the
sediment surface to 8.0 meters also have been increased by .03 k/s.

In order to make the velocities closer to the interval velocity of 1.75 k/s for the first layer of Shipley's model (1983) the compres-
sional velocities at depths from 8 to 94.6 meters were increased by .07 k/s. The model between 146.9 and 500.0 meters is taken
directly from Shipley (1983). In situ corrections for velocities at depths between 548 and 925 meters were based on the compaction
rebound calculations of Hamilton (1975) and the velocity/density curves for hole 534 plotted in Shipley (1983).

c - Vs was obtained by using the relationship Vs = .577 Vp.

m- Vs was obtained using the velocity.density curves of Millholland et al (1980).

n - Vs was obtained using the velocity-density curves of Nafe and Drake (Ludwig et al., 1970).

x - The density is unusually high for this velocity and does not fall on or near any of the empirical curves. The high density is
probably the result of a measuring error. No Vs was calculated; using the VpNs ratio of Hamilton (1980) the shear velocity for
a limestone with a compressional velocity of 5.0 km/sec would be 2.63 km/sec. If the densities are correct, the data for anhydrite,
which is characterized by high densities and low velocities, might be used to estimate a value.

z - Correction for compaction rebound was made using the following relationship:

D % ) (1-DnsXDwbP 1 x Dw)ins = (Pins x Dw) + (1_px)

where Dn s = in situ density

Dw = pore water density

Dwb = wet bulk density
pins = in situ porosity

P 1 = laboratory measured porosity

The value chosen for pore water density, provided it is reasonable for the area, has a negligible effect on the calculation of in
situ density value. Pore water density used was 1.03.

23



different sources. The footnotes to Figure 30 indicate E. Area V: Seismic Model
how a given value was obtained. Figure 18 shows a correlation of seismic reflectors

with lithologic units at DSDP site 387, located west
C. Area III: Seismic Model of Bermuda (Tucholke et al., 1979). Also presented

The velocity profile presented in Figure 31 indicates in Figure 18 is a seismic velocity model based on
the number and types of layers and their approximate calculated interval velocities determined from these
seismic velocities, which might typify the Blake lithologic correlations and the seismic travel times to
Plateau. The data used for the model were taken from the reflectors. We used this site as representative of
the reports of DSDP drill hole 389, the multichannel geologic conditions on the Bermuda Rise rather than
seismic reflection study by Shipley et al. (1978), and site 386, where Eocene-Oligocene volcaniclastic
the multichannel seismic reflection study by Sheridan turbidites were encountered. Because these turbidites
et al. (1981). Only compressional velocities are encircle Bermuda and are a local phenomenon, site 386
presented, and no attempt has been made to correct is less typical of the Bermuda Rise. We have, however,
laboratory values to in situ values, included data from site 386 (Appendices A-3 and A-4)

so that the physical properties measurements for these
D. Area IV: Velocity Profiles turbidites are available if needed.

The plots of velocity vs. depth presented in Figure 32
are examples of what might be expected in the Straits
of Florida and Northeast Providence Channel (Fig. 1). IX. Summary and Conclusions
The data used for these models are multichannel For an accurate geoacoustic model to be constructed
seismic reflection velocity values from Sheridan et al. the geology of the area must be well understood. In
(1981) On the Bahama Banks the nature and thickness some areas modeling may not be successful because
of the carbonate deposits are highly variable; therefore, small-scale lithologic and topographic changes are not
it is not possible to create a single model that will be recognized from the available data. Currently, we do
representative of the whole area. not have the ability to obtain complete measurements

of such sediment properties as velocity and density
VEL0:S (km's. OENSY (gcmW from a drill hole. Laboratory and in situ measurements0 1 2 3 4 5 6 10 18 26 3 4

0- 2--5 0- do not agree, and attempts to reconcile the two have

100- 100: -not been completely effective. In constructing our
_ - geoacoustic models we have tried to build on the work

200- 20- of others, most notably, the empirically derived equa-
- / tions of Hamilton (1980, 1975, 1971) and seismic

studies at the DSDP sites. In our models, we have
4W0- 400- added high-velocity stringers which are almost always

present in nature; for example, worldwide occurrences
of chert have been documented by DSDP cores.

600- - We have chosen five areas of the western North
700 7Atlantic Ocean and constructed geoacoustic models for

each area. For two areas we used the laboratory and
E 0- ow 8W0 seismic data collected during DSDP studies, as well

- - as published reports, to construct detailed models. For
- the remaining three areas we have tabulated generalized

1000- sediment velocity and lithology information from

11D-- 11DO published reports.
Using data from DSDP site 534, Shipley (1983) con-

120 1200- structed two models from which he generated synthetic

1300 1 seismograms. Our proposed model for site 534 uses a
constant interval velocity of 1.75 km/sec for the top

1400. 140C 147 m of sediment and 1.9 km/sec for the next 57 m in

0 1accordance with Shipley's model. The Shipley model
was also used between 204 m and 545 m depth. Veloc-

1600- 16- - ities at these depths are variable and range between

1700- 1700 1.8 km/sec and 2.1 km/sec. The remainder of our first
model was obtained by smoothing the velocities

Figure 29. Velocity and density as functions of depth measured from core samples. Our second site 534
for the model shown in Figure 28. model is similar to the first except for the upper 147 m
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LAYER COMPOSITION DEPTH 1 (m) VELOCITY (km/sec) DENSITY POROSITY
Vp __Vs

WATER 2  5482 1.553 1.05

1 CLAY 0.8 1.51c 0.100 1.51 71.9
REFLECTOR 1 618 V = 1.50 0.101 = 1.6

2 CLAY V = 1.53 0.260 1.65
REFLECTOR 2 m 139 a

3 SILTY CLAY V = 1.61 035 1.75 71.1
REFLECTOR 3 m 156b

4 CLAY V = 1.63 0.40 1.75 59.0
REFLECTOR 4 213a

5 SANDY CLAY,CLAYSTON E,
REFLECTOR 5 m 260a V = 1.67 1.95

CHALK, SAND, 278

6 CHERT 2.06 0.95 e  1.82 53.9
REFLECTOR 6 298a

7 SAND, MARL, V = 1.77
CLAYSTONE, 327

8 CHERT, 2.25 2.25 38.8
SOME CHALK 333

9 1.85 0.95' 2.06 48.8
BASEMENT
REFLECTOR - 343

10 BASALT 5.34 2.699 2.78 8
415

11 5.65 2 .8 8g 2.82 5

Figure 30. Geoacoustic model for sites 417 and 418. Velocities were determined as explained in the footnotes:
(1) Depth where it applies to water means water column thickness;for sediments, depth indicates distance below the water/sediment
interface. (2) Water depth: corrected echo sounding value at site 417D; velocity. NORDA data base (J. Soileau, NORDA pers. comm.)
and Tucholke and Shirley (1979) (both values were in agreement). (a) Calculated for this report using the velocities indicated in
the Vp column. (b) Calculated by DSDP scientific party using seismic reflection data. (c) Approximated using the "laboratory corrected
to in situ" values obtained by Tucholke and Shirley (1979)for cores in the Nares Abyssal Plain. (d) Calculated using the equations from
Hamilton (1980):for Vp from 1.512 to 1.555 km/sec, Vs=3.884Vp-5.757;for Vp from 1.555 to 1.650km/sec, Vs= 1.137Vp-1.485.
(e) Determined from Vp/Vs relationships of Milholland et al. (1980). (f) Density indicates that the sediments are well indurated, so the
Vp = 1.91Vs relationship of Hamilton was used. (g) From Christensen and Salisbury (1975).

LAYER DEPTH VELOCITY COMPOSITION
TUlUflI 0P PthmO

1 0.0 Mn nodules, foram sand VELTCY (krm/s)0 1 2 3 4 5 6
2 0.1 1.52 nannotossil ooze 0 0 1 2 5 _ _. . . . . . .

3 47 1.55 ooze

4 95 1.63 marly ooze 1 DO-.

5 110 1.60 nannofossil ooze

6 140 1.71 marly nannofossil ooze

7 160 1.8 chalk, Interbedded limestone 30

8 300 2.6 limestone

9 600 3.4 limestone p
VELOCITY (km/$)

10 20 4.4 limestone 0 1 2 3 4 5 6

11 3000 5.0 limestone 0o

12 6000 5.7 limestone 100

13 8000 6.1 volcaniclastics

14 11000 6.7 transitional crust 2W_

Figure 31. Generalized geoacoustic model for the Blake3
Plateau. Laboratory measurements from site 389 were
used for the first 300 m of sediment; the remainder of Figure 32. Generalized plots of velocity as a function of
the model is based on multichannel seismic reflection depth for the N.E. Providence Channel and the Straits
data from Shipley et al. (1978) and Sheridan et al. of Florida based on published multichannel seismic
(1981). reflection data (Sheridan et al., 1981).
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of sediment where laboratory-measured velocities were Dillon, W. P., C. K. Paull, R. T. Buffler, and
corrected to in situ values. From 545 m to 865 m, small J-P. Fail (1979). Structure and development of the
adjustments were made to the first model in an attempt Southeast Georgia Embayment and Northern Blake
to approximate in situ values of velocity and density. Plateau: Preliminary analysis. In Geologic and
Both models contain velocity inversions and high- Geophysical Investigations of Continental Margins;
velocity stringers. J. S. Watkins, L. Montadert, and P. W. Dickerson,

The model for sites 417 and 418 contains 11 layers (eds.), AAPG Memoir 29: 27-41.
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Appendix A-1. Listing of Laboratory-measured Physical
Properties for Sediments from DSDP Sites 534 and 391
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DSDP SITE 534

DEPTH Vp DENSITY

546.8 1.68 1.59
556.9 1.99 2.00
558.1 1.65 1.61
566.5 2.86 2.28
569.1 1.71 1.67
575.1 2.16 2.10
576.7 1.69 1.71
587.2 2.09 2.04
589.5 1.93 1.95
596.3 N2 1.70

03. 3.91 2.4
614.5 1.71 1.72
615.5 2.30 2.04
617.2 4.08 2.49
622.6 1.95 2.00
623.2 1.75 1.73
634.5 1.78 1.72
636.3 2.18 2.05
644.6 2.12 1.95
646.3 4.18 2.50
651.3 1.77 1.71
656.3 3.76 2.44
660.2 2.16 2.16
671.8 2.22 2.16
679.3 2.59 2.29
687.2 4.98 2.56
688.9 2.36 2.27
697.9 1.95 1.96
705.6 2.68 2.10
707.5 1.98 1.71
732.5 4.87 2.48
741.6 1.76 2.03
743.1 1.70 2.03
750.8 1.83 2.05
760.5 1.76 2.03
764.9 1.77 2.02
776.8 1.73 1.94
785.6 1.71 1.93
793.6 1.84 1.85
803.8 1.70 1.86
812.3 1.72 1.97
821.5 1.83 2.03
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822.2 1.74 1.88
831.5 1.76 2.00
832.8 1.96 2.18
840.8 1.73 1.97

* 843.3 1.76 2.06
850.1 1.77 2.06
850.5 1.68 2.07
851.2 1.97 2.43
859.5 1.84 2.12
863.1 5.02 2.90
870.0 1.85 2.08
871.4 1.76 2.07
880.6 1.70 1.82
896.6 1.85 2.07
896.8 1.86 2.07
899.5 1.92 2.07
905.7 1.95 2.07
91 4.1 1 .74 I1.92
923.6 1.76 2.00
927.6 3.17 2.43
932.2 1.80 2.03
937.6 2.49 2.19
941.4 2.29 2.19
950.2 1.83 2.03
950.8 2.58 2.38
952.8 3.76 2.44
960.2 2.05 2.12
963.4 2.37 2.21
963.9 2.70 2.32
967.6 1.83 2.10
972.9 1.82 2.06
976.0 3.02 2.33
978.0 5.49 2.65
982.2 3.74 2.51
982.8 1.95 2.11
992.2 4.43 2.57

996.0 2.33 2.20
1000.7 4.08 2.57

1004.2 1.90 2.13
100 8 4.08 2.
101 .2 3.11 25
1020.4 1.78 2.08
1020.5 3.70 2.54
1021.0 2.78 2.34
1027.0 2.59 2.40
1028.8 1.78 2.03

1030.6 4.85 2.66
1045.4 2.01 2.16
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1046.4 2.51 2.32
1050.0 3.22 2.46

1055.9 2.06 2.19
1063.6 4.15 2.59
1064.5 2.07 2.25
1072.8 1.97 2.15
1092.0 3.11 2.44
1100.9 3.64 2.47
1108.9 1.94 2.17
1111.4 3.31 2.47
1117.6 1.91 2.16 0
1120.5 3.74 2.53

1121.3 2.78 2.41
1125.8 3.18 2.48
1127.5 3.20 2.42
1129.6 2.04 2.17
1131.3 1.99 2.20 0
1132.1 2.23 2.2g
1133.9 2.86 2.3
1139.4 4.18 2.54
1142.3 2.67 2.30
1145.2 2.04 2.21
1145.8 2.68 2.28 0
1150.2 3.82 2.45
1158.6 3.87 2.50
1161.6 3.07 2.33
1163.9 2.00 2.20
1166.4 2.70 2.31
1171.3 3.05 2.45 0
1173.9 2.06 2.1
1179.0 3.59 2.
1182.0 2.87 2.25
1186.3 2.70 2.36
1188.7 4.38 2.54
1193.6 2.87 2.34 0
1196.3 3.26 2.43
1202.8 2.72 2.34
1205.5 3.20 2.144
1207.4 1.96 2.11
1212.3 3.08 2.38
1220.3 2.6o 2.28
1229.2 2.80 2.31
1233.6 3.67 2.147
1237.6 2.52 2.32
1244.5 3.34 2.41
1247.4 2.67 2.31
1253.2 3.29 2.58
1261.7 3.22 2.3L

3
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1262.5 2.75 2.30

1266.1 3.14 2.43

1267.4 2.65 2.38
1268.3 2.70 2.38
1273.1 2.54 2.31
1277.3 2.80 2.32
1280.8 3.43 2.41
1286.2 3.77 2.47
1289.6 3.50 2.45
1295.3 3.68 2.49
1299.7 4.07 2.51
1304.2 3.34 2.41
130Q.7 3.23 2.40
1313.1 3.02 2.33
1318.3 2.65 2.38
1322.4 3.41 2.42
1326.6 2.80 2.31
1331.3 3.97 2.53
1336.2 3.50 2.49
1340.1 3.94 2.51
1342.4 3.82 2.50
1344.5 3.52 2.49
1347.7 2.99 2.45

1350.2 3.59 2.52
1352.8 4.66 2.60
1353.6 2.79 2.41
1355.1 2.73 2.41
1358.6 3.70 2.54
1365.4 2.22 2.27
1372.1 4.58 2.63
1374.4 2.21 2.22
1380.9 3.81 2.55
1396.1 2.40 2.29
1401.9 2.88 2.46
1413.5 2.25 2.26
1425.5 2.25 2.29
1428.8 2.11 2.22
1429.4 4.94 2.68
1437.1 5.00 2.67
1441.5 2.68 2.41
1446.2 2.14 2.30

1447.1 5.19 2.68
1457.2 4.88 2.66
1464.3 4.13 2.58
1466.4 2.30 2.33
1469.1 2.82 2.44
1486.6 2.41 2.43
1495.6 2.66 2.37
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1504.6 2.94 2.28
1505.2 4.05 2.61

1513.9 3.47 2.56
1523.0 2.45 2.36
1523.4 2.44 2.36
1549.6 2.39 2.37
1549.9 5.04 2.68
1559.4 4.31 2.59
1568.6 2.53 2.31
1572.6 2.30 2.23
1581.4 3.76 2.56
1590.3 3.18 2.51
1590.9 2.37 2.30
1596.1 3.21 2.53
1589.5 2.95 2.49
1603.8 3.42 2.54
1612.6 2.47 2.36
1616.7 327 2.54
1619.2 2.25 2.30
1623.2 2.35 2.28
1625.3 2.59 2.42
1631.6 2.36 2.39
1634.6 2.50 2.42
1640.2 5.14 2.11

1641.3 4.50 2.56
1645.0 5.41 2.79
1649.7 4.54 2.59
1654.0 5.87 2.82
1657.8 5.33 2.80
1662.3 5.46 2.82
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DSDP SITE 391

DEPTH Vp DENSITY IMPEDANCE POR3SITY

2.3 1.47 1.149 77.6
4.9 1.48 1.63 93.6
8.0 1.148 1.65 2.44 88.4

83.6 1.49 1.144 2.16 35.1
88.7 1.49
92.1 1.149
92.9 1.149
93.6 1.52
94.3 1.52 1.73 2.63 48.7

1?4.61.52911.79 53.7
*152.1 1.914 48.0

204.4 1.70
205.0 1.62 1.91 3.09 48.3
205.3 1.70
207.8 1.91 50.9
260.2 1.72

*261.0 1.79
261.7 1.71
262.2 1.80 54.4
262.3 1.69
263. 1.70
263.8 1.68

*265.0 1.78
265.2 1.77 55.2
265.5 1.87
266.7 1.85
268.1 1.82
268.3 1.84 51.4

*316.8 1.81

317.5 1.73
317.6 1.75
318.4 1.75 1.89 3.29 47.6

319.2 1.81
320.0 1.83

*320.4 1.85
321.7 2.24
321.8 2.12 2.00 4.24 41.7
322.2 1.92
323.6 2.03
32b.1 1:66

*326.8 1.53 64.7

330.9 1.55 63.9
332.14 1.47 614.0
336.4 1.48 67.3
355.3 1.7
355.7 1.Z3

*356.9 1.77
357.2 1.81 49.4
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357.7 1.75
358.14 1.78
359.2 1.78
360.0 1.85
360.8 1.79
361.8 1.81
363.1 1.81 49.7
3714.2 1.87
375.24 1 .87a
376.1 1.84 48.8
376.24 1.85a
377.0 1 .85a
379.1 1.87a 1.83 3.242 49.0
380.1 1.85a
381.1 1.89

815 1.86 1.85 3.144 48.3
413.6 1.90
4114.14 1.94 1.84 3.57 48.3
414.6 1.94
415.1 1.95
416.3 1.92
417.8 1.95
418.2 1.98
420.3 1.98
420.8 1.92
472.0 2.09
474.6 1.93 43.3
477.1 2.36a
526.1 1.65a
526.2 1.77a
527.6 1.91a 1.90 3.63 44.7
529.1 19a
530.6 1:9 a
533.5 1.914a
533.6 1.90a
555.2 1.77a
556.5 1.70a 1.57 2.67 63.3
569.9 1.914a
570.7 1.98a 1.97 3.90 40.7
572.3 1.91a0
573.8 3.33a 2.29 7.63 22.1
5724.3 1.75a
585.24 2.01a 3.94
585.5 1.96 40.9
587.0 1.91a
587.24 1.91a
588.3 1:93a
640.8 1.69a
642.2 1.75a
643.6 1.69a 1.65 2.79 60.1
645.5 2.05a
646.9 2.06a 2.03 4.18 38.24
650.0 1.62 38.0
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653.0 2.00 42.7
656.o 1.95 '43.5
669.14 1.87 1.96

*839.14 2.27 2.59
841.2 2.20 1.99
9214.9 1.84 2.05
927.9 2.31 2.06
9514.8 2.12 2.08

1002.9 1.88 2.08
* 10014.1 )4.47

1010.8 2.09 2.25
1013.0 2.54 2.36
1013.14 5.143
1020.7 2.03
1021.9 2.09 2.10

* 1023.8 4.53
10214.9 1.147 2.20
1030.2 3.61
1031.3 4.87
1031.8 5.06
1091.3 2.19

*1126.6 2.15 2.26
1132.6 2.19 2.19
11314.9 4.15 2.51
1135.9 3.23
1137.5 2.143 2.22

.2911 1 .19
1145.0 3.67
1147.0 2.52
1148.6 3.148 2.143
1153.9 4.45
11514.5 3.86 2.414
1155.14 2.65
1155.7 3.82
1157.9 2.33 2.30
11614.8 3.17 2.39
1165.0 2.65
1167.7 2.142 2.25

*1172.5 2.63
1173.14 2.31
11714.8 2.97 2.32
1176.7 2.28
1178.5 3.84
1182.14 2.84

*1182,. 8 2.33
11814.2 2.08
1185.7 3.51
1191.7 3.141
1193.0 2.29 2.22
1193.9 3.140 2.38

*1195.3 2.30 2.24
1197.2 2.33
1198.8 3.21 2.35
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Appendix A-2. Listing of Laboratory-measured Physical
Properties for Sediments from DSDP Holes 417 and 418
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DSDP SITE 417

ACOUSTIC SHEAR
DEPTH Vp DENSITY IWEDA14CE POROSITY STRENGTH

1.1 0.06

3.1 1.45 67.1
3.2 0.05

3.7 1.49 (2.29)2.26
3.8 0.08
5.3 gl.5 4

5.9 1.52
6.7 0.08
6.9 1.52
7.7 0.05
9.4 1.590
9.6 0.08

12.3 1.50 gl.59 (2.39)2.51
12.4 0.14
12.6 1.67 78.6
19.0 0.14

19.1 1.68
19.3 0.09
21.5 1.68
22.2 0.15
23.1 1.50
23.4 1.50
23.6 1.52 0123.7 01
23.9 1.51 (2.43)2.48
24.8 gl .61

241.64 75.2
3N1.71 75.6

37.5 0.26
38.7 0.23
39.1 1.50 2.55
46.8 0.15
~47.0 1.70
49.7 0.27
49.8 1.49 (2.29)2.46
50.0 1.67 74.2
50.7 0.14

51.7 1.69 0.19
53.8 0.13
54.0 1.51 78.9
54.4 gl-54S
55.6 0.16
66.4 1.62 60.0 0.28
68.1 0.16
69.0 1.67
69.1 0.25

69.4 gl.59
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69.6 1.51 (2.40)2.52
71.6 0.50
75.2 0.40
75.7 1.66
76.9 0.56
78.3 0.26
78.4 1.73 71.3
78.8 1.52 (2.46)2.63
8o.2 gl.•62
80.5 0.33
81.2 1.65 75.3
81.3 0.26
84.8 0.31
86.7 gl.66
86.9 0.53
87.6 0.70
87.9 1.62
88.0 1.54 (2.56)2.49
89.3 0.64
94.4 1.91 73.3 0.65
95.8 0.80
97.2 0.91
97.8 1.82 71.4
99.2 gl. 6899.3 I1.54 (2.59)2.80

99.9 0.92
100.0 1.84
1 C 0o.7 1.3 70.8
104.5 1.75 72.0
107.4 1.54 (2.56)2.70
109.0 gl.66
116.4 1.71
11i

'
7
. 9  1 .57 (2.43)2.68

119.7 1.55 85.7
119.8 gl.55
124.6 1.75 69.9
126.2 1.58 (2.53)2.50
129.2 gl.60
129.3 1.58 69.4
132.1 1.67
133.6 1.54 (2.60)2.57
134.7 1.54
135.3 1.64
135.8 gl.69
145.1 1.75
148.2 1.75 71.1
149.8 1.61 (2.72)2.82
150.5 1.774
150.7 gl.69
163.0 1.73 72.8
163.6 1.83
163.7 1.55
164.2 gl.57
173.2 1.57 49.9
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173.5 1.59 (2.614)2.50
175.3 gl.66'
179.7 1.78 62.5

185.2 1.75 65.2
185.3 gl.64
189.6 1.78 69.1
190.8 gl.6 4

191.0 1.62 (2.66)2.84
192.0 1.75
192.1 1.71 70.9
2014.2 1.60 1.71 2.74 59.0
212.1 1.66
221.1 1.61 2.53
221.3 1.57 52.1
230.8 1.8 50.
231.9 1.62 2.85
233.5 1.63
239.9 1.73 1.66 2.87 59.5
250.1 1.140
252.7 1.76 514.1

126 1.90 52.8
259.0 1.66 3.15
267.9 1.76
268.8 1.73 52.2
271.6 1.76
272.5 1.80 53.0
273.3 1.65 2.97
2714.8 1.66 48.7
278.5 1.90 65.5
278.7 1.61 3.06
279.1 2.04 1.77 3.61 53.9
287. 1.66
297.8 1.66 1.71 2.84 59.5
306.6 1.73 1.64 2.84 55.9
315.8 2.05 1.99 4.08 57.0
327.6 2.25 2.12 4.77 38.8
336.8 1.85 1.97 3.64 48.8
3145.14 5.38 2.80 15.1 7.7
352.6 5.140 2.83 15.3 6.2
358.3 5.25 2.77 14.5 9.14
362.7 5.146 2.80 15.3 7.3
367.7 5.56 2.83 15.7 6.14
371.14 5.16 2.77 124.3 10.1
377.6 5.141 2.79 15.1 7.5
382.8 5.35 2.80 15.0 7.9
3814.8 5.52 2.81 15.1 6.1
385.6 5.02 2.72 13.7 10.1
390.6 5.20 2.72 114.1 9.14
395.0 5.67 2.86 16.2 4.7
395.3 5.07 2.68 13.6 8.8
397.6 5.18 2.75 114.2 8.8
400.1 4.56 2.52 11.5 13.2
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414.2 5.04 2.76 13.9 8.3
419.2 5.79 2.90 16.8 3.0
424.0 5.65 2.86 16.2 3.6
427.1 5.67 2.87 16.3 3.3
431.5 5.87 -,89 17.0 2.7
437.4 5.66 -. 83 16.0 4.6
439.7 5.31 2.77 14.7 7.2
445.2 5.67 2.85 16.2 4.1
446.6 5.64 2.84 16.0 4.8
450.7 5.58 2.84 15.8 5.0
453.3 5.51 2.80 15.4 6.0
457.2 5.50 2.79 15.3 4.8
461.0 5.79 2.67 15.5 3.5
463.6 5.71 2.89 16.5 3.5
464.7 3.83
466.0 3.67 2 .8 8.7
467.0 5.85 2.86 16.7 3.4

477.3 580 2 14 o
482.5 5.97 2.74 16.4 5.5
487.5 5.30 2.72 14.4 11.6
492.0 5.56 2.84 15.8 8.4

* 496.4 5.61 2.84 15.9 7.0
499.7 5.72 2.89 16.5 6.5
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DSDP SITE 418

ACOUSTIC
DEPTH Vp DENSITY IMPEDANCE POROSITY

7.3 1.65 1.24 2.05 85.7
18.1 1.55
18.3 1.48 2.28
27.6 1.54 69.2
29.1 1.149
29.9 1.147 2.34
30.3 1.59
31.3 1.52
31.6 1.49
37.1 1.55 1.59 2.46 68.4
37.8 1.48
46.4 1.41 73.2
46.7 1.61 2.27
47.4 1.59
49.4 1.57 65.6
60.6 1.46 1.58 2.31 71.5
61.0 1.50
61.5 1.49
68.6 1.47 1.60 2.35 69.9
68.8 1.51
69.6 1.149
75.0 1.88 62.5
75.6 1.57 2.95
79.5 1.53 1.54 2.39 78.3
79.7 1.54
80.2 1.52
82.5 1.40
84.4 1.47 1.46 2.12 74.5
85.2 1.50
93.8 1.47 1.57 2.31 71.1
94.1 1.51
94.5 1.50
94.8 1.554
95.0 1.52
96.7 1.50 2.18
97.2 1.45

104.3 1.58
10 .0 1.56 2.20
106.8 1.41 61.9
111.2 1.62 1.63 2.64 68.7
111.7 1.54
115.3 1.51
121.5 1.54 2.53
131.3 1.44 1.77 2.55 85.4
132.4 1.55
139.3 1.147 1.66 2.44 62.8
141.6 1.45
150.6 1.64 75.8
158.8 1.56
159.3 1.61 2.66
168.1 1.41 2.14
168.2 1.52
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168.8 1.52
172.7 1.59 63.7
172.8 1.61 2.56
177.7 1.67
187.2 1.61
187.3 1.52 2.45
187.8 1.45
196.6 1.66
197.5 1.67
197.9 1.70
198.6 1.70 2.77
198.8 1.63
205.9 1.78
206.1 1.74 2.23
206.8 1.28
215.3 1.70
215.8 1.63
215.9 1.67 2.72
225.0 1.69
225.7 1.71 2.91
227.2 1.70
235.0 1.71
235.5 1.66
235.8 4.75
244.0 1.72
244.4 1.87
244.5 1.68 3.14
244.9 1.65
245.3 5.19 2.55 13.23
253.6 1.52
254.2 1.63
255.6 1.68
256.8 1.62 2.72
283.6 1.56
301.7 1.62
303.1 1.62 1.82 2.95 52.8
321.8 5.00 2.65 13.3 12.0
323.4 5.71 2.84 16.2 5.3
330.0 4.97 2.70 13.4 9.5
332.0 4.86 2.62 12.7 11.7
333.0 5.21 2.69 14.0 10.3
335.3 4.93 2.65 13.1 11.3
337.1 5.09 2.70 13.7 9.4
340.0 5.89 2.86 16.9 3.7
342.5 5.93 2.86 17.0 6.7
346.1 3.98 2.44 9.7 23.5

349.0 5.70 2.85 16 4.9
351.8 6.17 2.89 17.8 2.8
354.0 6.26 2.93 18.3 2.0
357.6 6.11 2.91 17.8 2.5

:?; 2.91 17: 2.

376.5 5.95 2.86 17.0 4.8
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383.0 5.63 2.80 15.8 5.8
385.1 5.88 2.87 16.9 4.3
387.7 5.22 2.71 14.2 8.0
393.7 5.30 2.73 14.5 8.8
395.9 5.31 2.71 14.4 8.1
403.2 3.47 2.29 8.0 30.1
405.8 5.13 2.66 13.7 8.6
416.5 5.72 2.83 16.2 4.5
119.2 5.38 2.72 14.6 6.2
423.2 5.49 2.75 15.1 6.9
425.1 3.44 2.30 7.9 30.2 0
441.4 4.54 2.50 11.4 16.9
443.6 5.38 2.74 14.7 6.0
447.5 5.66 2.82 16.0 5.7
449.3 5.64 2.82 15.9 5.1
455.1 4.14 2.39 9.9 22.9
458.3 5.10 2.67 13.6 9.7
461.3 5.21 2.72 14.2 7.2
464.2 4.54 2.54 11.5 13.8
467.8 5.29 2.73 14.4 7.3
470.7 5.66 2.82 16.0 4.8
476.8 4.57 2.56 11.7 11.6
479.9 4.95 2.65 13.1 8.7 0
482.9 5.42 2.77 15.0 6.7
486.0 5.24 2.70 14.2 7.3
489.9 5.67 2.82 16.0 5.2
497.8 5.13 2.74
499.5 5.57 2.77 15.4 5.9
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Appendix A-3. Listing of Laboratory-measured Physical
Properties for Sediments from DSDP Site 386
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DSDP SITE 386

DEPTH Vp DENSITY POROSITY Vs

54.7 0.00 1.54 69.00 0.0000
55.4 0.00 1.55 68.00 0.0000

55.9 0.00 1.57 66.00 0.0000
56.9 0.00 1.53 68.00 0.0000
57.5 0.00 1.59 66.00 0.0000
58.3 0.00 1.59 65.00 0.0000 0
58.8 0.00 1.63 67.00 0.0000
59.6 1.54 1.70 57.00 0.2244
60.0 0.00 1.64 68.00 0.0000
61.4 1.50 0.00 0.00 0.3445

107.5 1.50 1 .52 68.00 0.3445
139.4 1.56 1 .65 66.00 0.2887
152.6 0.00 0.00 0.00 0.0000
152.8 1.59 1.74 53.00 0.3228
153.4 0.00 0.00 0.00 0.0000
154.2 0.00 0.00 0.00 0.0000
155.0 0.00 1.81 53.00 0.0000
155.2 1.58 0.00 0.00 0.3115 •
158.6 0.00 0.00 0.00 0.0000
159.5 0.00 0.00 0.00 0.0000
160.1 1.57 1.73 56.00 0.3001
160.3 0.00 0.00 0.00 0.0000
161.5 1.59 1.87 60.00 0.3228
169.4 1.53 1 .59 62.00 0.1855
171.2 1.90 1.72 63.00 0.5293 0
171.6 2.72 2.11 44.00 1.1596
171.9 2.82 2.12 43.00 1.2376
177.7 2.06 1.87 57.00 0.6453
179.9 3.19 2.34 36.00 1.5262
180.2 1.89 1.60 70.00 0.5228
18o.6 1.61 1.60 69.00 0.3456 0
187.2 0.00 0.00 0.00 0.0000
187.5 0.00 0.00 0.00 0.0000
189.4 1.85 1.81 59.00 0.4930
192.8 2.37 1.98 52.00 0.8866
206.3 2.10 1.65 66.00 0.6781
208.4 2.24 1.94 53.00 0.7$52
253.8 1.75 1.62 67.00 0.4424
254.7 1.73 0.00 0.00 0.4324
289.3 1.78 1.62 66.00 0.4581
264.4 1.67 1.83 67.00 0.4047
310.9 2.90 0.00 0.00 1.3000
311.7 1.80 1.81 55.00 0.4690 0

0
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311.7 1.71 0.00 0.00 0.4228

335.4 1.76 1.60 60.00 0.4475

335.8 1.79 1.67 66.00 0.4635
353.7 1.77 1.67 66.00 0.4527
353.7 1.66 0.00 0.00 0.4004
369.3 1.75 1.53 59.00 0.4424
370.1 1.73 1.54 61.00 0.4324
390.7 1.70 1.59 57.00 0.4181
390.8 1.80 1 58 62.00 0.4690
409.3 3.13 2.07 15.00 1.4794
410.1 2.00 I.80 24.00 0.6453
412.0 4.13 2.24 6.00 2.2594
412.2 2.34 1.86 41.00 0.8632
415.2 3.48 2.14 17.00 1.7524
416.3 3.00 2.06 33.00 1.3780
425.1 2.23 1.84 25.00 0.7774
440.4 2.09 1.79 46.00 0.6698
443.3 2.65 1.85 42.00 1.1050
4443.5 2.36 1.82 44.00 0.878
463.1 2.27 1.74 49.00 0.80813
456.2 2.12 1.78 47.00 0.6950
466.7 2.36 2.03 35.00 0.8738
482.2 2.14 1.76 48.00 0.7124
482.3 1.94 2.39 17.00 0.5561
490.4 2.45 1.83 41.00 0.9493
491.7 1.90 1.71 56.00 0.5293
5D5.0 2.40 1.83 51.00 0.9100
55.3 1 .97 I.68 42.00 0.5771
511.1 2.12 1.70 45.00 0.6950
511.3 2.58 1.78 42.00 1.0504
524.1 2.20 1.87 43.00 0.7540
545.8 1.94 1.89 54.00 0.5561
546.7 2.05 1.86 43.00 0.6374
563.0 1.99 1.84 48.00 0.5916
563.2 2.14 1.93 41.00 0.7124
576.8 2.58 1.89 41.00 1.0504
577.5 2.10 1.92 44.00 0.6781
606.3 1.91 1.92 49.00 0.5358
636.9 3.13 2.36 23.00 1.4794
639.2 1.84 2.01 43.00 0.4920
647.4 2.05 2.04 43.00 0.6374
691.1 2.04 1.97 53.00 0.6295
691.2 1.95 1.88 54.00 0.5630
704.0 2.07 1.92 45.00 0.6534
7014.1 1.87 1.73 47.00 0.5102
723.8 2.24 2.06 41.00 0.7852
724.5 2.37 2.17 37.00 0.8866
734.0 1.85 1.81 43.00 0.4980
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7314.4 2.36 2.06 40.00 0.8786
7140.2 1.98 1.89 34.00 0.5843
7149.14 2.114 2.02 39.00 0.7124
7149.7 2.58 2.07 36.00 1.0504
772.14 2.10 2.05 39.00 0.6781
781.-7 2.04 2.03 40.00 0.6295
781.9 2.02 2.04 43.00 0.61241
793.2 1.99 1.95 57.00 0.59106
791.3 1.98P 2.03 39.00 0.56243
808.2 2.04 2.06 39.00 0.6295
819.3 1.99 2.06 39.00 0-5916
819.7 2.00 2.01 40.00 0.5990
828.6 2.10 2.03 41.00 0.6781
839.2 2.30 2.05 40.00 0.8320

8 64 2.02 2.02 40.00 0.61141
853.6 4.78 2.91 18.00 2.7664
859.0 2.08 2.07 40.00 0.6615
866.6 2.08 2.04 41.00 0.6615
866.7 1.95 1.96 44.00 0.5630
873.9 1.92 1.80 19.00 0.5843
89 3.5 2.00 1.84 41.00 0.5990
904.0 1.97 2.08 39.00 0.5771
922.1 2.33 2.12 36.00 0.85540
931.9 2.01 2.02 40.00 0.6065
941.0 1.90 2.09 39.00 0.5293
950.6 3.92 0.00 5.00 2.0956
9=13.7 2.16 2.06 40.00 0.7228
957Q.8 2.35 2.12 40.00 0.8710
965.3 4.17 0.00 0.00 2.2906
965.8 4.29 0.00 0.00 2.3842
966.3 2.145 0.00 0.00 0.91493
966.6 3.92 0.00 0.00 2.0950'
9661.8 4.245 0.00 0.00 2.5090
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Appendix A-4. Plot of Laboratory-measured Velocity as a
Function of Depth for Cores from Hole 386
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velocity and density from a drill hole. Laboratory and in situ measurements do not agree, and attempts to reconcile the
two have not been completely effective. In constructing our geoacoustic models we have tried to build on the work of
others. In our models, we have added high-velocity stringers which are almost always present in nature; for example,
worldwide occurrences of chert have been documented by Deep-Sea Drilling Project (DSDP) cores.

We chose five areas of the western North Atlantic Ocean and constructed geoacoustic models for each area. For two
areas we used the laboratory and seismic data collected during DSDP studies, as well as published reports, to construct
detailed models. For the remaining three areas we have tabulated generalized sediment velocity and lithology information
from published reports.

In working on data from these five sites it became apparent to us that some areas (for example, the Bahama Banks)
have such rugged topography and such variable lithology that traditional modeling attempts probably will be unsuccessful
unless the geology is known in great detail. Some continental margin shallow-water sites and some deep ocean sites,
such as DSDP site 417/418, are much more predictable and should be easier to model; however, even site 417/418 has
unique geologic factors that will cause actual seismic propagation to differ from our model predictions. However, deviations
from predicted values should be reasonably small at low (5-50 Hz) frequencies.
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